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ABSTRACT 

Disclosed herein are compounds of formula (I) 

(I) 

X-R 
FN 

wherein Ring A and R' are as defined in the specification. 
Pharmaceutical compositions comprising such compounds, 
and methods for treating conditions and disorders using Such 
compounds and pharmaceutical compositions are also dis 
closed. 
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COMPOUNDS AS CANNABINOID RECEPTOR 
LGANDS 

0001. This application claims priority to U.S. Application 
Ser. No. 61/163,999 filed Mar. 27, 2009, and is incorporated 
herein by reference in its entirety. 

TECHNICAL FIELD 

0002 CB receptor ligands, compositions comprising 
Such compounds, and methods of treating conditions and 
disorders using such compounds and compositions are dis 
closed. 

BACKGROUND 

0003 (-)-A-Tetrahydrocannabinol (A-THC), the major 
psychoactive constituent of marijuana, exerts abroad range of 
biological effects through its interactions with two cannab 
inoid (CB) receptor subtypes, CB and CB. CB receptors 
are highly expressed in the central nervous system and to a 
lesser degree in the periphery in a variety of tissues of the 
cardiovascular and gastrointestinal systems. By contrast, CB 
receptors are most abundantly expressed in multiple lym 
phoid organs and cells of the immune system, including 
spleen, thymus, tonsils, bone marrow, pancreas and mast 
cells. 
I0004) The psychotropic effects caused by A-THC and 
other nonselective CB agonists are mediated by CB recep 
tors. These CB receptor-mediated effects, such as euphoria, 
sedation, hypothermia, catalepsy, and anxiety, have limited 
the development and clinical utility of nonselective CB ago 
nists. Recent studies have demonstrated that CB modulators 
are analgesic in preclinical models of nociceptive and neuro 
pathic pain without causing the adverse side effects associ 
ated with CB receptor activation. Therefore, compounds that 
selectively target CB2 receptors are an attractive approach for 
the development of novel analgesics. 
0005 Pain is the most common symptom of disease and 
the most frequent complaint with which patients present to 
physicians. Pain is commonly segmented by duration (acute 
vs. chronic), intensity (mild, moderate, and severe), and type 
(nociceptive vs. neuropathic). 
0006 Nociceptive pain is the most well known type of 
pain, and is caused by tissue injury detected by nociceptors at 
the site of injury. After the injury, the site becomes a source of 
ongoing pain and tenderness. This pain and tenderness are 
considered “acute nociceptive pain. This pain and tender 
ness gradually diminish as healing progresses and disappear 
when healing is complete. Examples of acute nociceptive 
pain include Surgical procedures (post-op pain) and bone 
fractures. Even though there can be no permanent nerve dam 
age, "chronic' nociceptive pain results from Some conditions 
when pain extends beyond six months. Examples of chronic 
nociceptive pain include osteoarthritis, rheumatoid arthritis, 
and musculoskeletal conditions (e.g., back pain), cancer pain, 
etc. 

0007 Neuropathic pain is defined as “pain initiated or 
caused by a primary lesion or dysfunction in the nervous 
system” by the International Association for the Study of 
Pain. Neuropathic pain is not associated with nociceptive 
stimulation, although the passage of nerve impulses that is 
ultimately perceived as pain by the brain is the same in both 
nociceptive and neuropathic pain. The term neuropathic pain 
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encompasses a wide range of pain syndromes of diverse eti 
ologies. The three most commonly diagnosed pain types of 
neuropathic nature are diabetic neuropathy, cancer neuropa 
thy, and HIV pain. In addition, neuropathic pain is diagnosed 
in patients with a wide range of other disorders, including 
trigeminal neuralgia, post-herpetic neuralgia, traumatic neu 
ralgia, fibromyalgia, phantom limb, as well as a number of 
other disorders of ill-defined or unknown origin. 
0008. Managing the spectrum of pain etiologies remains a 
major public health problem and both patients and clinicians 
are seeking improved strategies to effectively manage pain. 
No currently available therapies or drugs effectively treat all 
types of nociceptive and neuropathic pain states. The com 
pounds of the present invention are novel CB receptor modu 
lators that have utility in treating pain, including nociceptive 
and neuropathic pain. 
0009. The location of CB receptors on the surface of 
immune cells suggests a role for these receptors in immuno 
modulation and inflammation. Recent studies have demon 
strated that CB2 receptor ligands have immunomodulatory 
and anti-inflammatory properties. Therefore, compounds that 
interact with CB receptors offer a unique pharmacotherapy 
for the treatment of immune and inflammatory disorders. 
0010. Accordingly, the need exists to further explore and 
develop CB receptor ligands that exhibit immunomodula 
tory and anti-inflammatory properties. These CB receptors 
ligands can offer a unique pharmacotherapy for the treatment 
of immune and inflammatory disorders. 

SUMMARY 

0011 Provided generally herein are compounds that are 
CB receptor ligands, pharmaceutical compositions compris 
ing Such compounds, and methods for the treatment of disor 
ders using these compounds and pharmaceutical composi 
tions. 
0012. One embodiment is related to compounds of for 
mula (I), or pharmaceutically acceptable salts, Solvates, pro 
drugs, salts of prodrugs, or combinations thereof 

FN 

(I) 

wherein 
0013 R' is alkyl, haloalkyl, G', -(CRR)-G', or 
N(R')(R): 

0014 R is alkyl, haloalkyl, G, -(CRR)-G, 
(CRR), OR, (CRR), N(R-)(R') (CRR) 
C(O)C(R'), (CRR), C(O)R', -(CRR),C(O) 

N(R')(R), -(CRR), S(O).O(R), -(CRR), S 
(O).R.", (CRR), S(O)N(R)(R), or (CRR), 
CN: 
I0015 G' and G', at each occurrence, are each indepen 
dently aryl, heteroaryl, heterocycle, cycloalkyl, or cycloalk 
enyl; wherein each ring is independently unsubstituted or 
substituted with 1, 2, 3, 4, 5, or 6 substituents independently 
selected from the group consisting of alkyl, alkenyl, alkynyl, 
- NO, CN, halogen, oxo, —OR, —O (CRR), N 
(R"), —OC(O)R, -SR, -SFs, -S(O)R. —S(O).R. 
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0016 Ring A represents formula (a), (b), (c), or (d) 

S 
N NN 

Y: 

(a) 

(b) 

(c) 

R12 (d) 

R11 N 

Y: 

0017 R', R, R, and Rare-alkylene-G wherein G, 
at each occurrence, is independently furanyl, oxazolyl, isox 
azolyl, oxadiazolyl, or a 4-, 5-, 6-, 7-, 8-, or 9-membered 
monocyclic heterocycle containing Zero or one double bond, 
one or two oxygen, and Zero or one nitrogen as ring atoms, 
wherein two non-adjacent atoms of said monocyclic hetero 
cycle is optionally linked by an alkenylene bridge of 2, 3, or 
4 carbonatoms, or optionally linked by an alkylene bridge of 
1, 2, 3, or 4 carbon atoms; each Gring is optionally fused 
with a monocyclic ring selected from the group consisting of 
benzo, cycloalkyl, cycloalkenyl, heterocycle, and heteroaryl; 
and each G is independently unsubstituted or substituted 
with 1, 2, 3, 4, 5, or 6 substituents independently selected 
from the group consisting of oxo, alkyl, halogen, —OH, 
—O(alkyl). —O(haloalkyl), and haloalkyl; 
0.018 
or alkyl: 
0.019 R. R. R. R. R. R'', and R'' are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl. —NO. —CN, halo 
gen, OR, N(R)(R), C(O)R’, -C(O)O(R), 
haloalkyl, -(CRR), OR", -(CRR), N(R)(R'), 

R", at each occurrence, is independently hydrogen 
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-(CRR), C(O)R’, -(CRR), C(O)O(R'), 
cycloalkyl, cycloalkenyl, or heterocycle; 
(0020) R' and R. are each independently hydrogen, alkyl, 
alkenyl, alkynyl, - NO. —CN, halogen, —OR. - N(R) 
(R'), —C(O)R", C(O)O(R), haloalkyl, - (CRR)- 
OR", (CRR), N(R')(R'), -(CRR), C(O)R’, 
-(CRR), C(OO(R), cycloalkyl, cycloalkenyl, or het 
erocycle; or R and R, together with the carbon atoms to 
which they are attached, form a monocyclic cycloalkyl ring 
which is optionally further substituted with 1, 2, 3, or 4 
Substituents selected from the group consisting of halogen, 
alkyl, haloalkyl, and oxo; 
(0021) R', R. R', R", and R', at each occurrence, are 
each independently hydrogen, alkyl, or haloalkyl; 
0022 R, at each occurrence, is independently hydrogen, 
halogen, alkyl, haloalkyl, or benzyl, 
(0023 R', R, and R', at each occurrence, are each inde 
pendently hydrogen, halogen, alkyl, or haloalkyl; 
(0024 X and X’ are independently O, S, or N(R') 
wherein R' is alkyl, alkoxyalkyl, haloalkoxyalkyl, or 
haloalkyl: 
0025 the cycloalkyl, cycloalkenyl, and heterocycle, as 
represented by R. R. R. R. R. R. R. R'', and R'' are 
each independently unsubstituted or substituted with 1, 2, 3, 
4, 5, or 6 substituents independently selected from the group 
consisting of alkyl, alkenyl, alkynyl, - NO. —CN, halogen, 
oxo, OR, OC(O)R, -SR, -S(O)R. —S(O).R. 
S(O)N(R)(Rs), N(R)(Rs), N(Rs)C(O)R, N(RS) 

S(O)R’, N(R3)C(O)N(R)(R8), N(Rs)S(O)N(R)(Rs), 
- C(O)R, C(O)O(R), C(O)N(R)(R), haloalkyl, 
(CRR) CN, -(CRR’) OR, -(CRR’) OC(O) 

R, -(CR'R'), SR,-(CRR), S(O)R’, -(CR'R'), 
S(O).R', -(CRR) N(R)(R), (CRR) N(Rs)C(O) 
R,-(CRR), N(Rs)S(O).R,-(CRR), N(Rs)C(O)N 
(R)(Rs), (CRR), N(Rs)S(O)N(R)(Rs), (CRR) 

C(O)R, -(CRR), C(O)O(R), and —(CRR), C 
(O)N(R)(Rs); 
0026 R and R, at each occurrence, are each indepen 
dently hydrogen, alkyl, alkenyl, alkynyl, alkoxyalkyl, 
cycloalkyl, cycloalkylalkyl, heterocycle, aryl, heteroaryl, 
haloalkoxyalkyl, or haloalkyl; wherein the aryl, the het 
eroaryl, the cycloalkyl, and the heterocycle moieties, by itself 
or as part of the substituents of R and R, are each indepen 
dently unsubstituted or substituted with 1, 2, 3, 4, 5 or 6 
Substituents selected from the group consisting of alkyl, halo 
gen, haloalkyl, hydroxy, oxo, =N O(H), —N—O(alkyl). 
and alkoxy; 
10027) R', at each occurrence, is independently alkyl or 
haloalkyl: 
10028 R and R', at each occurrence, are each indepen 
dently hydrogen, halogen, alkyl, or haloalkyl; 
002.9 m, p, and q, at each occurrence, are each indepen 
dently 1, 2, 3, or 4; and 
0030 n is 2, 3 or 4. 
0031. Another aspect relates to pharmaceutical composi 
tions comprising therapeutically effective amount of a com 
pound described herein or a pharmaceutically acceptable salt, 
Solvate, Salt of a Solvate, or Solvate of a salt thereof, in com 
bination with a pharmaceutically acceptable carrier. Such 
compositions can be administered in accordance with a 
method of the invention, typically as part of a therapeutic 
regimen for treatment or prevention of conditions and disor 
ders related to cannabinoid (CB) receptor subtype CB. More 
particularly, the method is useful for treating conditions 



US 2010/0249129 A1 

related to neuropathic pain, nociceptive pain, post-operative 
pain, osteoarthritis pain, cancer pain, inflammatory pain, can 
cer pain, lower back pain, eye pain, inflammatory disorders, 
immune disorders, neurological disorders, cancers of the 
immune system, respiratory disorders, obesity, diabetes, car 
diovascular disorders, or for providing neuroprotection. 
0032. Further provided herein are the use of present com 
pounds orpharmaceutically acceptable salts, Solvates, salts of 
Solvates, or Solvates of salts thereof, in the manufacture of a 
medicament for the treatment of the disease conditions 
described above, alone or in combination with one or more 
pharmaceutically acceptable carrier(s), particularly for the 
treatment of pain Such as, but not limited to, neuropathic pain, 
nociceptive pain, osteoarthritis pain, inflammatory pain, can 
cer pain, lower back pain, eye pain, and post-operative pain, 
or combinations thereof. 
0033. The compounds, compositions comprising the com 
pounds, and methods for treating or preventing conditions 
and disorders by administering the compounds are further 
described herein. 
0034. These and other objectives of the invention are 
described in the following paragraphs. 
These objectives should not be deemed to narrow the scope of 
the invention. 

DETAILED DESCRIPTION 

0035 Compounds of formula (I) 

O 

FN 

(I) 

wherein R' and A are as defined above in the Summary and 
below in the Detailed Description are disclosed. Composi 
tions comprising Such compounds and methods for treating 
conditions and disorders using Such compounds and compo 
sitions are also disclosed. 
0036. In various embodiments, there can be variables that 
occur more than one time in any Substituent or in the com 
pound or any other formulae herein. Definition of a variable 
on each occurrence is independent of its definition at another 
occurrence. Further, combinations of variables or substitu 
ents are permissible only if such combinations result in stable 
compounds. Stable compounds are compounds which can be 
isolated from a reaction mixture. 

a. Definitions 

0037. It is noted that, as used in this specification and the 
intended claims, the singular form “a,” “an and “the 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to “a compound 
includes a single compound as well as one or more of the 
same or different compounds, reference to “optional a phar 
maceutically acceptable carrier refers to a single optional 
pharmaceutically acceptable carrier as well as one or more 
pharmaceutically acceptable carriers, and the like. 
0038. As used in the specification and the appended 
claims, unless specified to the contrary, the following terms 
have the meaning indicated: 
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0039. The term “alkenyl as used herein, means a straight 
or branched hydrocarbon chain containing from 2 to 10 car 
bons and containing at least one carbon-carbon double bond. 
Representative examples of alkenyl include, but are not lim 
ited to, ethenyl, 3-methylbut-2-enyl, prop-1-enyl, 2-prope 
nyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyl, 
2-heptenyl, 2-methyl-1-heptenyl, and 3-decenyl. 
0040. The term “alkenylene' denotes a divalent group 
derived from a straight or branched hydrocarbon chain of 2,3, 
or 4 carbon atoms and contains at least one carbon-carbon 
double. Representative examples of alkenylene include, but 
are not limited to, —CH=CH- and —CH-CH=CH-. 
0041. The term “alkoxy” as used herein, means an alkyl 
group, as defined herein, appended to the parent molecular 
moiety through an oxygenatom. Representative examples of 
alkoxy include, but are not limited to, methoxy, ethoxy, pro 
poxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy, and hexy 
loxy. 
0042. The term “alkoxyalkenyl as used herein, means an 
alkoxy group, as defined herein, appended to the parent 
molecular moiety through an alkenylene group, as defined 
herein. Representative example of alkoxyalkenyl includes, 
but is not limited to, 3-methoxyprop-1-enyl. 
0043. The term “alkoxyalkyl as used herein, means an 
alkoxy group, as defined herein, appended to the parent 
molecular moiety through an alkylene group, as defined 
herein. Representative examples of alkoxyalkyl include, but 
are not limited to, tert-butoxymethyl, 2-methoxyethyl, 
3-methoxy-3-methylbutyl, 2-methoxypropyl, 3-methox 
ypropyl, 2-ethoxyethyl, 2-methoxyethyl, 3-ethoxypropyl. 
and methoxymethyl. 
0044) The term “alkyl as used herein, means a saturated, 
straight or branched hydrocarbon chain containing from 1 to 
10 carbon atoms. The terms "C-C alkyl and "C-C alkyl 
as used herein, means a saturated, straight or branched hydro 
carbon chain containing from 1 to 4 and from 4 to 8 carbon 
atoms respectively. Representative examples of alkyl include, 
but are not limited to, methyl, ethyl, n-propyl, iso-propyl. 
n-butyl, Sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, 
neopentyl, n-hexyl, 1-methylbutyl, 2-methylbutyl, 3-methyl 
butyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-dimeth 
ylpropyl, 1-methylpropyl, 1-ethylpropyl, 1.2.2-trimethylpro 
pyl, 2-ethylhexyl, 3-methylhexyl, 2,2-dimethylpenty1, 2,3- 
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl. 
0045. The term “alkylene' means a divalent group derived 
from a saturated, straight or branched hydrocarbon chain of 
from 1 to 10 carbon atoms. Representative examples of alky 
lene include, but are not limited to. —CH2—, —CH(CH)—, 
—CH(CHs), —CH(CH(CH)(CHs))— —C(H)(CH) 
CHCH , —C(CH) , —CH2CH2—, 
—CH2CH2CH2—, —CH2CH2CHCH , and —CHCH 
(CH)CH2—. 
0046. The term “alkynyl as used herein, means a straight 
or branched hydrocarbon chain containing from 2 to 10 car 
bon atoms and containing at least one carbon-carbon triple 
bond. Representative examples of alkynyl include, but are not 
limited, to acetylenyl, 1-propynyl, 2-propynyl, 1,1-dimethyl 
prop-2-ynyl, 1-propyl-pent-3-ynyl, 3-butynyl, 2-pentynyl, 
and 1-butynyl. 
0047. The term “aryl as used herein, means phenyl, a 
bicyclic aryl or a tricyclic aryl. The bicyclic aryl is naphthyl, 
or a phenyl fused to a monocyclic cycloalkyl, or a phenyl 
fused to a monocyclic cycloalkenyl. Representative examples 
of the bicyclic aryl include, but are not limited to, dihydroin 



US 2010/0249129 A1 

denyl, indenyl, naphthyl, dihydronaphthalenyl, and tetrahy 
dronaphthalenyl (including 1,2,3,4-tetrahydronaphthalen-1- 
yl). The tricyclic aryl is exemplified by a bicyclic aryl fused to 
a monocyclic cycloalkyl, or a bicyclic aryl fused to a mono 
cyclic cycloalkenyl, or a bicyclic aryl fused to a phenyl. 
Representative examples of tricyclic aryls include, but are not 
limited to, anthracene, phenanthrene, dihydroanthracenyl, 
fluorenyl, 1,2-dihydroacenaphthylenyl, and tetrahydro 
phenanthrenyl. The phenyl, bicyclic and tricyclic aryls are 
attached to the parent molecular moiety through any carbon 
atom contained within the phenyl, bicyclic and tricyclic aryls 
respectively, and are optionally Substituted. 
0048. The term “cycloalkenyl as used herein, means a 
monocyclic or bicyclic ring system containing Zero heteroa 
toms in the ring. The monocyclic cycloalkenyl has three-, 
four-, five-, six-, seven- or eight carbon atoms and Zero het 
eroatoms. The three or four-membered ring systems have one 
double bond, the five-or six-membered ring systems have one 
or two double bonds, and the seven- or eight-membered ring 
systems have one, two or three double bonds. Representative 
examples of monocyclic cycloalkenyls include, but are not 
limited to, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 2.4-cyclo 
hexadien-1-yl and 3-cyclopenten-1-yl. Bicyclic cycloalk 
enyls are exemplified by a monocyclic cycloalkenyl fused to 
a monocyclic cycloalkyl, or a monocyclic cycloalkenyl fused 
to a monocyclic cycloalkenyl. Representative examples of 
bicyclic ring systems include, but are not limited to 3a, 4, 5, 6, 
7, 7a-hexahydro- 1H-indenyl, 4,5,6,7-tetrahydro-3al-in 
dene, and octahydronaphthalenyl. The cycloalkenyl groups 
of are optionally Substituted and are appended to the parent 
molecular moiety through any Substitutable carbon atom 
within the groups, and can contain one or two alkylene 
bridges of 1, 2, 3, or 4 carbon atoms, wherein each bridge 
links two non-adjacent atoms within the groups. 
0049. The term “cycloalkyl as used herein, means a 
monocyclic, or a bicyclic cycloalkyl, or a spirocyclic 
cycloalkyl, each of which is optionally substituted. The term 
"C-C cycloalkyl as used herein, means a monocyclic 
cycloalkyl having 3, 4, 5, or 6 carbon atoms in the ring. The 
monocyclic cycloalkyl is a carbocyclic ring system contain 
ing 3, 4, 5, 6, 7, or 8 carbon atoms and Zero heteroatoms as 
ring atoms, and has Zero double bonds. Examples of mono 
cyclic cycloalkyls include cyclopropyl, cyclobutyl, cyclopen 
tyl, cyclohexyl, cycloheptyl, and cyclooctyl. Bicyclic 
cycloalkyl is exemplified by a monocyclic cycloalkyl fused to 
a monocyclic cycloalkyl. Representative examples of bicy 
clic cycloalkyls include, but are not limited to, bicyclo4.1.0 
heptane, bicyclo6.1.0 nonane, octahydroindene, and 
decahydronaphthalene. The monocyclic and the bicyclic 
cycloalkyl groups can contain one or two alkylene bridges of 
1, 2, 3, or 4 carbon atoms, wherein each bridge links two 
non-adjacent atoms within the groups. Examples of Such 
bridged cycloalkyls include, but are not limited to, bicyclo[3. 
1.1 heptyl (including bicyclo3.1.1 hept-2-yl), bicyclo[2.2. 
1 heptyl, bicyclo[3.1.1 heptyl, bicyclo[2.2.2]octyl, bicyclo 
3.3.1nonyl, adamantyl (tricyclo[3.3.1.1 decane), and 
noradamantyl (octahydro-2,5-methanopentalene). Spirocy 
clic cycloalkyl is exemplified by a monocyclic or a bicyclic 
cycloalkyl, wherein two of the substituents on the same car 
bonatom of the ring, together with said carbon atom, form a 
4-, 5-, or 6-membered monocyclic cycloalkyl. An example of 
a spirocyclic cycloalkyl is spiro2.5octane. The monocyclic, 
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bicyclic, and spirocyclic cycloalkyl groups can be appended 
to the parent molecular moiety through any Substitutable 
carbon atom of the groups. 
0050. The term “cycloalkylalkyl means a cycloalkyl 
group, as defined herein, appended to the parent moiety 
through an alkylene group, as defined herein. 
0051. The term “halo' or “halogen' as used herein, means 
—Cl, —Br. —I or —F. 
0.052 The term “haloalkoxy” as used herein, means an 
alkoxy group, as defined herein, in which one, two, three, 
four, five, or six hydrogen atoms are replaced by halogen. 
Representative examples of haloalkoxy include, but are not 
limited to, trifluoromethoxy, difluoromethoxy, 2.2.2-trifluo 
roethoxy, 2,2-difluoroethoxy, 2-fluoroethoxy, and pentafluo 
roethoxy. 
0053. The term “haloalkoxyalkyl as used herein, means a 
haloalkoxy group, as defined herein, appended to the parent 
molecular moiety through an alkyl group, as defined herein. 
0054 The term “haloalkyl as used herein, means an alkyl 
group, as defined herein, in which one, two, three, four, five, 
six, or seven hydrogen atoms are replaced by halogen. Rep 
resentative examples of haloalkyl include, but are not limited 
to, chloromethyl 2-fluoroethyl 2-fluoropropyl, 2-fluoro-1- 
methylethyl, 2.2-difluoroethyl, trifluoromethyl, 2.2.2-trifluo 
roethyl, 2.2.2-trifluoro-1,1-dimethylethyl, difluoromethyl, 
3-fluoro-3-methylbutyl, 3,3,3-trifluoropropyl, pentafluoroet 
hyl, 2-chloro-3-fluoropentyl, and 2-iodoethyl. 
0055. The term "heteroaryl, as used herein, means a 
monocyclic heteroaryl or a bicyclic heteroaryl. The monocy 
clic heteroaryl is a 5-or 6-membered ring containing at least 
one heteroatom independently selected from the group con 
sisting of O, N, and S. The 5-membered ring contains two 
double bonds and one, two, three, or four heteroatoms. The 
6-membered ring contains three double bonds and one, two, 
three, or four heteroatoms. Representative examples of 
monocyclic heteroaryl include, but are not limited to, furanyl. 
imidazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, oxazolyl, 
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, 
pyrrolyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, 
and triazinyl. The bicyclic heteroaryl is exemplified by a 
monocyclic heteroaryl fused to phenyl, or a monocyclic het 
eroaryl fused to a monocyclic cycloalkyl, or a monocyclic 
heteroaryl fused to a monocyclic cycloalkenyl, or a monocy 
clic heteroaryl fused to a monocyclic heteroaryl, or a mono 
cyclic heteroaryl fused to a monocyclic heterocycle. Repre 
sentative examples of bicyclic heteroaryls include, but are not 
limited to, benzofuranyl, benzoxadiazolyl, 1,3-benzothiaz 
olyl, benzimidazolyl, benzodioxolyl, benzothienyl, chrome 
nyl, cinnolinyl, furopyridine, indolyl, indazolyl, isoindolyl, 
isoquinolinyl, naphthyridinyl, oxazolopyridine, quinolinyl, 
and thienopyridinyl. The monocyclic and the bicyclic het 
eroaryl groups are connected to the parent molecular moiety 
through any substitutable carbon atom or any substitutable 
nitrogen atom contained within the groups. The nitrogen and 
Sulfur heteroatoms of the heteroaryl rings can optionally be 
oxidized, and are contemplated within the scope of the inven 
tion. 
0056. The term “heterocycle” or “heterocyclic” as used 
herein, means a monocyclic, bicyclic, or a spirocyclic ring 
system containing at least one heteroatom. The monocyclic 
heterocycle is a 3-, 4-5-, 6-, 7-, or 8-membered monocyclic 
ring containing at least one heteroatom independently 
selected from the group consisting of O, N, and S. The 3- or 
4-membered ring contains 1 heteroatom selected from the 
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group consisting of O, N and S, and optionally one double 
bond. The 5-membered ring contains Zero or one double 
bond, and one, two or three heteroatoms in the ring selected 
from the group consisting of O, N and S. The 6-, 7-, or 
8-membered ring contains Zero, one, or two double bonds, 
and one, two, or three heteroatoms in the ring selected from 
the group consisting of O, N and S. Representative examples 
of monocyclic heterocycles include, but are not limited to, 
aZetidinyl (including aZetidin-3-yl), azepanyl, aziridinyl, 
diazepanyl, 1,3-dioxanyl, 1,4-dioxanyl, 1.3-dioxolanyl, 4.5- 
dihydroisoxazol-5-yl, 3,4-dihydropyran-6-yl, 1,3-dithiola 
nyl, 1,3-dithianyl, imidazolinyl, imidazolidinyl, isothiazoli 
nyl, isothiazolidinyl, isoxazolinyl, isoxazolidinyl, 
morpholinyl, oxadiazolinyl, oxadiazolidinyl, oxazolinyl, 
oxazolidinyl (including 1.3-oxazolidin-4-yl), oxetanyl, pip 
erazinyl, piperidinyl, pyranyl, pyrazolinyl, pyrazolidinyl, 
pyrrolinyl, pyrrolidinyl (including pyrrolidin-3-yl), tetrahy 
drofuranyl (including tetrahydrofuran-2-yland tetrahydrofu 
ran-3-yl), tetrahydropyranyl, tetrahydrothienyl, thiadiazoli 
nyl, thiadiazolidinyl, thiazolinyl, thiazolidinyl, 
thiomorpholinyl, 1,1-dioxidothiomorpholinyl (thiomorpho 
line sulfone), thiopyranyl, and trithianyl. The bicyclic hetero 
cycle is exemplified by a monocyclic heterocycle fused to a 
phenyl group, or a monocyclic heterocycle fused to a mono 
cyclic cycloalkyl group, or a monocyclic heterocycle fused to 
a monocyclic cycloalkenyl group, or a monocyclic hetero 
cycle fused to a monocyclic heterocycle group. Representa 
tive examples of bicyclic heterocycle include, but are not 
limited to, 1,3-benzodioxol-4-yl, 1,3-benzodithiolyl, 2,3-di 
hydro-1,4-benzodioxinyl, 2,3-dihydrobenzofuranyl (includ 
ing 2,3-dihydro-1-benzofuran-7-yl), 2,3-dihydro-1-ben 
Zothienyl, 2,3-dihydro-1H-indolyl, and 1,2,3,4- 
tetrahydroquinolinyl. Spirocyclic heterocycle means a 
monocyclic or bicyclic heterocycle ring wherein two Sub 
stituents on the same carbon atom, together with said carbon 
atom, form a 4-, 5-, or 6-membered monocyclic cycloalkyl. 
One example of a spiroheterocycle is 5-oxaspiro3.4 octane. 
The heterocycle groups are connected to the parent molecular 
moiety through any Substitutable carbon atom or any Substi 
tutable nitrogenatom contained within the group. The mono 
cyclic or bicyclic heterocycle groups can contain an alk 
enylene bridge of 2, 3, or 4 carbon atoms, or one or two 
alkylene bridges of 1, 2, 3, or 4 carbon atoms, wherein each 
bridge links two non-adjacent carbon atoms within the 
groups. Examples of Such bridged heterocycles include, but 
are not limited to, oxaadamantane (2-oxatricyclo[3.3.1.17 
decane), octahydro-2,5-epoxypentalene, hexahydro-2H-2.5- 
methanocyclopentablfuran, hexahydro-1H-1,4-methanocy 
clopentacfuran, oXabicyclo[2.2.1]heptane and 2,4- 
dioxabicyclo4.2.1 nonane. The nitrogen and Sulfur 
heteroatoms in the heterocycle rings can optionally be oxi 
dized and the nitrogen atoms can optionally be quarternized. 
0057 The term “hydroxyalkenyl' means an hydroxy 
group, as defined herein, appended to the parent molecular 
moiety through an alkenylene group, as defined herein. An 
example of hydroxyalkenyl includes, but is not limited to, 
3-hydroxy-3-methylbut-1-enyl. 
0058. The term “hydroxyl or “hydroxy' means an OH 
group. 

0059. The term “oxo' means =0. 
0060 “Treatment' or “treating” pain includes acute or 
chronic pain and refers to: (1) preventing pain, i.e. causing 
pain not to develop or occur with less intensity in a subject 
that can be exposed or predisposed to pain but does not yet 
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experience or display pain, (2) inhibiting pain, i.e., arresting 
the development or reversing pain, or (3) relieving pain, i.e., 
decreasing the amount of pain experienced by the Subject. 
0061 The term “subject' includes animals such as mam 
mals, including, but not limited to, primates (e.g., humans), 
cows, sheep,goats, horses, dogs, cats, rabbits, rats, mice and 
the like. In preferred embodiments, the subject is a human. 

b. Compounds 

0062 CB ligands have formula (I) as described above. 
0063 Particular values of variable groups in compounds 
of formula (I) are as follows. Such values can be used where 
appropriate with any of the other values, definitions, claims or 
embodiments defined hereinbefore or hereinafter. 
I0064. In compounds of formula (I), R is alkyl, haloalkyl, 
G', (CRR)-G', or N(R')(R), wherein G', R, R, 
R", R, and m are as disclosed in the Summary and in 
embodiments herein below. 
0065. In certain embodiments, R is G' or - N(R')(R), 
wherein G. R. R. and mare as disclosed in the Summary 
and in embodiments herein below. 
I0066. In certain embodiments, R' is G wherein G' is as 
disclosed in the Summary. For example, G' is phenyl or 
naphthyl, each of which is optionally substituted as described 
in the Summary and embodiments herein. In certain embodi 
ments, G' is optionally substituted phenyl. 
0067. Other embodiments relate to compounds wherein 
R" is G', and G' is optionally substituted cycloalkyl (for 
example, adamantyl, bicyclo2.2.1]heptyl, each of which is 
optionally substituted as described in the Summary and in 
embodiments herein). 
0068. Yet other embodiments relate to compounds 
wherein R' is G', and G' is optionally substituted hetero 
cycle. Example of said heterocycle includes, but is not limited 
to, optionally substituted 2,3-dihydrobenzofuranyl (includ 
ing but not limited thereto, optionally substituted 2,3-dihy 
dro-1-benzofuran-7-yl). 
0069. Yet other embodiments relate to compounds 
wherein R' is G, and G' is heteroaryl, optionally substituted 
as described in the Summary. For example, R' is optionally 
substituted quinolinyl (including but not limited thereto, 
optionally substituted quinolin-8-yl). 
10070 Optional substituents of G' are as described in the 
Summary. Examples of the optional substituents of G' 
include, but are not limited to, alkenyl, alkyl, - NO. —CN, 
halogen, OR, -O-(CRR), N(R"), - SF, SR, 
S(O).R. N(R)(Rs), N(R3)C(O)O(R), N(Rs)S(O) 
R. N(Rs)S(O)N(R)(Rs), C(O)R, C(O)O(R), 

alkoxyalkenyl, hydroxyalkenyl, haloalkyl, —(CRR)- 
OR, -(CR'R'), C(O)O(R), C(R)=N OR"; and 
morpholinyl; wherein R. R. R. R. R", n, q, and Rare as 
disclosed in the Summary and in embodiments herein. For 
example, in certain embodiments, the optional Substituents of 
G' are alkyl (e.g. C-C alkyl such as, but not limited thereto, 
methyl, ethyl); alkenyl (e.g. vinyl, prop-1-enyl), —NO, 
—CN; halogen (e.g. Cl, Br, F), —OR (R, for example, is 
hydrogen, alkyl Such as methyl, ethyl, tert-butyl, and the like; 
alkoxyalkyl such as 3-methoxy3-methylbutyl, 2-methoxy 
ethyl, 2-methoxypropyl, 3-ethoxypropyl, 3-methoxypropyl. 
2-ethoxyethyl, and the like: alkenyl such as, but not limited to, 
3-methylbut-2-enyl and the like; haloalkyl such as 2.2.2- 
trifluoroethyl 2-fluoroethyl, 2.2-difluoroethyl 2-fluoropro 
pyl, 2-fluoro-1-methylethyl, 3-fluoro-3-methylbutyl, and the 
like; cycloalkylalkyl Such as cyclopropylmethyl, cyclobutyl 
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methyl, cyclopentylmethyl, cyclopentylethyl, and the like, 
wherein the cyclopropyl, cyclobutyl and the cyclopentyl moi 
eties are each optionally substituted as described in the Sum 
mary; or optionally Substituted heterocycle Such as tetrahy 
drofuranyl, azetidinyl, pyrrolidinyl, and the like, each of 
which is optionally substituted; and optionally substituted 
phenyl); -O-(CRR), N(R"), (e.g. R, R', and R", are 
each independently hydrogen oralkyl Such as, but not limited 
to, methyl);13 SFs: —SR (e.g. R is heteroaryl such as oxi 
dopyridinyl); S(O), R (R', for example, is C-C alkyl such 
as, but not limited to, methyl); —N(R)(R) (e.g., R is hydro 
gen, alkyl (e.g. methyl), haloalkyl (e.g., 2-fluoroethyl), or 
alkoxyalkyl (e.g. 2-methyoxyethyl, 2-ethoxyethyl), and R3, 
for example, is hydrogen, alkyl, or alkoxyalkyl Such as, but 
not limited to, 2-methyoxyethyl, 2-ethoxyethyl); —N(R)C 
(O)O(R) (R, for example, is hydrogen, R, for example, is 
C-C alkyl Such as, but not limited to, methyl, ethyl, tert 
butyl); N(R)S(O).R (R, for example, is hydrogen, R, for 
example, is C-C alkyl such as, but not limited to, methyl, 
ethyl, isobutyl); N(R)S(O)N(R)(R) (R and R, for 
example, are each independently, hydrogen or C-C alkyl 
such as, but not limited to, methyl, ethyl); —C(O)R (R, for 
example, is C-C alkyl Such as, but not limited to, methyl, 
ethyl); —C(O)O(R) (R, for example, is alkyl such as, but 
not limited to, methyl, ethyl, tert-butyl); alkoxyalkenyl (e.g. 
3-methoxyprop-1-enyl and the like); hydroxyalkenyl (e.g. 
3-hydroxyl-3-methylbut-1-enyl, and the like); haloalkyl 
(e.g., trifluoromethyland the like), (CRR), OR (R,R, 
and R are, for example, each independently hydrogen or 
C-C alkyl such as, but not limited to, methyl, ethyl);—(CR 
VR), C(O)O(R) (R,R, and Rat each occurrence, are for 
example, hydrogen or C-C alkyl Such as, but not limited to, 
methyl, tert-butyl); C(R")—N OR" (each R", for 
example, is independently hydrogen or C-C alkyl Such as 
methyl, ethyl, tert-butyl); and morphilinyl. 
0071. Other embodiments are directed to compounds 
wherein R' is N(R')(R), and R'' and R areas defined in 
the Summary and in embodiments herein. For example, R'' is 
hydrogen oralkyl (e.g. C-C alkyl Such as, but not limited to, 
methyl, ethyl). In certain embodiments, R" is hydrogen. 
Examples of R include, but are not limited to, alkyl (e.g. 
C-Cs alkyl such as, but not limited to, neopentyl, 2-ethyl 
hexyl, tert-butyl, 1,2-dimethylpropyl, 1-ethylpropyl, and the 
like); G such as optionally substituted cycloalkyl (e.g. cyclo 
pentyl, cyclohexyl, cycloheptyl, each of which is optionally 
Substituted), or optionally Substituted aryl (e.g. optionally 
substituted 1,2,3,4-tetrahydronaphthalenyl);—(CRR)-G 
(G, for example, is optionally substituted cycloalkyl such as, 
but not limited to, cyclopentyl, cyclohexyl, adamanty1 or 
bicyclo[3.1.1 heptyl, each of which is optionally substituted; 
or optionally substituted aryl such as, but not limited to, 
optionally substituted phenyl; R and R are, for example, 
hydrogen or alkyl Such as, but not limited to C-C alkyl); 
—(CRR), C(O)N(R')(R') (e.g. (R* and R', are each 
in dependently hydrogen or C-C alkyl such as, but not 
limited to, methyl, ethyl, R is hydrogen, alkyl (e.g. C-C, 
alkyl Such as, but not limited to, isopropyl, 1-methylpropyl. 
tert-butyl, isobutyl), or benzyl, R', for example, is hydrogen; 
m, for example, is 1 or 2); or —(CRR), OR“(e.g., R“ is 
hydrogen, R is hydrogen or alkyl (e.g. C-C alkyl such as, 
but not limited to, isopropyl, 1-methylpropyl, tert-butyl, 
isobutyl); R is, for example, hydrogen, and n, for example, is 
2). 
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0072 Ring A of formula (I) is described generally in the 
Summary and in embodiments herein. 
0073. In certain embodiments, ring A is formula (a) 

S 
N NN 

Yel 

wherein R. X', and R are as described in the Summary and 
in embodiments herein. 

0074 Examples of compounds include, but are not limited 
to, those wherein X is S. 
0075. In conjunction with any of the embodiments herein 
above and below, examples of R include, but are not limited 
to, alkyl (e.g. C-C alkyl Such as, but not limited to, methyl, 
isopropyl, tert-butyl), alkenyl, alkynyl (e.g. 1,1-dimethyl 
prop-2-yny), haloalkyl (e.g. 2.2.2-trifluoro-1,1-dimethyl 
ethyl), or optionally substituted cycloalkyl (e.g. optionally 
substituted C-C cycloalkyl). In certain embodiments, R is 
alkyl (e.g. C-C alkyl such as, but not limited to, methyl, 
isopropyl, tert-butyl, and the like) or optionally substituted 
cycloalkyl (e.g. optionally Substituted C-C cycloalkyl). In 
certain embodiments, R is alky (e.g. C1-C4 alkyl such as, but 
not limited to, methyl, isopropyl, tert-butyl, and the like). In 
certain embodiments, R is optionally substituted cycloalkyl 
(e.g. optionally Substituted C-C cycloalkyl). Particular 
examples of R include, but are not limited to, methyl, iso 
propyl, tert-butyl, 1,1-dimethylprop-2-ynyl, 2.2.2-trifluoro 
1,1-dimethylethyl.optionally substituted C-C cycloalkyl 
(e.g. cyclopropyl, and cyclobutyl, wherein the cyclopropyl 
and cyclobutyl are independently unsubstituted or substituted 
as described in the Summary and herein below). 
0076 Examples of the optional substituents of cycloalkyl 
include, but are not limited to, alkyl (e.g. C-C alkyl Such as, 
but not limited to, methyl, ethyl), haloalkyl (e.g. trifluorom 
ethyl), and halogen (e.g. F. Cl, Br). 
0.077 

(a) 

In other embodiments, ring A is formula (b) 

(b) 

wherein R. R. R. and X’ are as defined in the Summary 
and in embodiments herein. 

0078. In conjunction with any of the embodiments herein 
above and below, examples of R include, but are not limited 
to, alkyl (e.g. C-C alkyl Such as, but not limited to, tert 
butyl) or optionally substituted C-C cycloalkyl. For 
example, R is tert-butyl or optionally substituted cyclopro 
pyl. In certain embodiments, R is tert-butyl. 
(0079 R, for example, is hydrogen, alkyl, or halogen. In 
certain embodiments, R is hydrogen or halogen (e.g. Br). In 
certain embodiments, R is hydrogen. 
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0080 Certain embodiments include, but are not limited to, 
compounds wherein R* and R, together with the carbon 
atoms to which they are attached, form an optionally Substi 
tuted monocyclic cycloalkyl ring (e.g. an optionally Substi 
tuted cyclopentyl). 
0081. In certain embodiments, X is O. 
I0082 In yet otherembodiments, X is N(R') wherein R' 
is as disclosed in the Summary. For example, R' is C-C, 
alkyl Such as, but not limited to, methyl. 
0083. Yet other embodiments direct to compounds of for 
mula (I) wherein ring A is formula (c) 

(c) 

R R9 
N 

R6 

R23 

wherein R. R. R. RandR areas defined in the Summary 
and embodiments herein. 
I0084 Rand Rare, for example, hydrogen. 
I0085 R7 and R are, for example, each independently 
hydrogen or C-C alkyl Such as, but not limited to, methyl, 
ethyl, tert-butyl, and the like. 
I0086 Yet still other embodiments provide compounds 
wherein ring A is formula (d) 

(d) 

wherein R', R', and Rare as defined in the Summary. 
I0087. For example, R' is alkyl (e.g. C-C alkyl). For 
example, R'' is tert-butyl. 
0088 Certain compounds include, but are not limited to, 
those wherein R'' is hydrogen, alkyl, or halogen. In certain 
embodiments, R'' is hydrogen. 
0089 R,R,R, and Rin formula (a), (b), (c), and (d) 
are as described generally in the Summary and in embodi 
ments herein. For example, R. R. R', and Rare each 
independently -alkylene-G, and G. at each occurrence, is 
independently a 4-, 5-, or 6-membered monocyclic hetero 
cycle containing Zero or one double bond, one or two oxygen, 
and Zero or one nitrogen as ring atoms, and each G is option 
ally substituted as described in the Summary and in embodi 
ments herein. For example, G is a 4-, 5-, or 6-membered 
monocyclic heterocycle containing Zero double bond, one or 
two oxygen, and Zero or one nitrogen atom as ring atom, and 
each G is optionally substituted as described in the Summary 
and in embodiments herein. Examples of Such monocyclic 
heterocycle rings include, but are not limited to, oxetanyl 
(including but not limited thereto, oxetan-2-yl), oxazolidinyl 
(including but not limited thereto, 1.3-oxazolidin-4-yl), tet 
rahydrofuranyl (including but not limited thereto, tetrahydro 
furan-2-yl and tetrahydrofuran-3-yl), tetrahydropyranyl (in 
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cluding but not limited thereto, tetrahydropyran-2-yl, 
tetrahydropyran-3-yland tetrahydropyran-4-yl), 1,3-dioxala 
nyl (including but not limited thereto, 1,3-dioxalan-2-yland 
1,4-dioxalan-2-yl), and 1,4-dioxanyl (including but not lim 
ited thereto, 1,4-dioxan-2-yl). Each of these exemplary rings 
is independently unsubstituted or substituted as described in 
the Summary and in embodiments herein. For example, each 
can be unsubstituted or substituted with 1 or 2 groups selected 
from the group consisting of C-C alkyl (such as, but not 
limited to, methyl), halogen (e.g. F), haloalkyl, oxo, —OH, 
—O(alkyl) (including, but not limited to —OCH), and 
—O(haloalkyl). 
0090. Other compounds include, but are not limited to, 
those wherein, R. R. and Rare each independently 
-alkylene-G, and examples of G include, but are not limited 
to, tetrahydrofuranyl (including but not limited thereto, tet 
rahydrofuran-2-yland tetrahydrofuran-3-yl), tetrahydropyra 
nyl (including but not limited thereto, tetrahydropyran-2-yl, 
tetrahydropyran-3-yl and tetrahydropyran-4-yl), and oxazo 
lidinyl (including but not limited thereto, 1.3-oxazolidin-4- 
yl), each of which is optionally substituted as described in the 
Summary and in the preceding paragraph. Particularly, R', 
R’, R, and Rare each tetrahydrofuranylmethyl, tetrahy 
dropyranylmethyl, or oxazolidinylmethyl, wherein each of 
the tetrahydrofuranyl, tetrahydropyranyl, and oxazolidinyl 
moieties is independently unsubstituted or substituted as 
described in the Summary and in the preceding paragraph. 
More particularly, R', R’, Rand Rare tetrahydrofuran 
2-ylmethyl, tetrahydrofuran-3-ylmethyl, 1.3-oxazolidin-4- 
ylmethyl, or tetrahydropyran-2-ylmethyl wherein the tet 
rahydrofuran-2-yl, tetrahydrofuran-3-yl, 1.3-oxazolidin-4- 
y1, and the tetrahydropyran-2-yl moieties are each 
independently unsubstituted or substituted as described in the 
Summary and in the preceding paragraph. 
0091. Yet other exemplary compounds include, but are not 
limited to, those wherein R. R. R., and R are each 
-alkylene-G, G is furanyl, oxazolyl, isoxazolyl, or oxadia 
zolyl, and each G is independently unsubstituted or substi 
tuted as described herein. 

0092. It is appreciated that compounds of formula (I) with 
combinations of the above embodiments, including particu 
lar, more particular and preferred embodiments are contem 
plated. 
0093. Accordingly, one aspect is directed to compounds of 
formula (I) whereinring A is formula (a), orpharmaceutically 
acceptable salts, Solvates, prodrugs, salts of prodrugs, or com 
binations thereof. Thus, it is understood that these com 
pounds would have formula as represented by formula (Ia) 

O (Ia) 

"Y-\ ul 
X=N RI NNN 
Yel 

wherein X', R', R, and Rareas described for formula (I) in 
the Summary and the Detailed Description sections. In cer 
tain embodiments, X is S. 
0094. Another aspect relates to compounds of formula (I) 
whereinring A is formula (b), orpharmaceutically acceptable 



US 2010/0249129 A1 

salts, Solvates, prodrugs, salts of prodrugs, or combinations 
thereof. Such compounds are represented by formula (Ib) 

(Ib) 

wherein X, R. R. R. and Rare as disclosed for formula 
(I) in the Summary and the Detailed Description sections. In 
certain embodiments, X is O. In other embodiments, X is 
N(R') wherein R' is alkyl (e.g. C-C alkyl such as, but not 
limited to, methyl). 
0095 Yet another aspect relates to compounds of formula 
(I) wherein ring A is formula (c), or pharmaceutically accept 
able salts, Solvates, prodrugs, salts of prodrugs, or combina 
tions thereof. Such compounds are represented by formula 
(Ic) 

(Ic) 
R8 

R. R9 

rr N - 
R6 N R, 

R23 

wherein R', R. R. R. R. and R have values as disclosed 
for formula (I) in the Summary and the Detailed Description 
sections. 
0096. Yet another aspect contemplates compounds of for 
mula (I) wherein ring A is formula (d), or pharmaceutically 
acceptable salts, Solvates, prodrugs, salts of prodrugs, or com 
binations thereof. Such compounds are represented by for 
mula (Id) 

O (Id) 
2 

"S-V als X=N R!, 
R11 N 

V 
R24 

wherein R', R'', R', and Rareas described for formula (I) 
in the Summary and the Detailed Description sections. 
0097. For example, within each of the foregoing com 
pounds, examples of a group of compounds include those 
having formula (I), (Ia), (Ib), (Ic), or (Id) wherein R21, R’, 
R°, and Rare independently -alkylene-G, each G is a 4-, 
5-, or 6-membered monocyclic heterocycle containing Zero 
or one double bond, one or two oxygen, and Zero or one 
nitrogen as ring atoms, and each G is optionally substituted 
as described in the Summary. For example, G is a 4-, 5-, or 
6-membered monocyclic heterocycle containing Zero double 
bond, one or two oxygen, and Zero or one nitrogen atom as 
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ring atom, and G is optionally substituted as described in the 
Summary. Examples of Such monocyclic heterocycles 
include, but are not limited to, oxetanyl (including but not 
limited thereto, oxetan-2-yl), oxazolidinyl (including but not 
limited thereto, 1.3-oxazolidin-4-yl), tetrahydrofuranyl (in 
cluding but not limited thereto, tetrahydrofuran-2-yl and tet 
rahydrofuran-3-yl), tetrahydropyranyl (including but not lim 
ited thereto, tetrahydropyran-2-yl, tetrahydropyran-3-yl, and 
tetrahydropyran-4-yl), 1,3-dioxalanyl (including but not lim 
ited thereto, 1,3-dioxalan-2-yl and 1,4-dioxalan-2-yl), and 
1,4-dioxanyl (including but not limited thereto, 1,4-dioxan 
2-yl). Each of these exemplary rings is independently unsub 
stituted or substituted as described in the Summary. For 
example, each can be independently unsubstituted or Substi 
tuted with 1 or 2 substituents selected from the group con 
sisting of C-C alkyl (Such as, but not limited to, methyl), 
halogen (e.g. F), haloalkyl, Oxo, -OH, -O(alkyl) (e.g. 
OCH), and —O(haloalkyl). 
0098. Examples of another group of compounds having 
formula (I), (Ia), (Ib), (Ic), or (Id) include, but are not limited 
to, those wherein R. R. R. and R are each indepen 
dently -alkylene-G, and each G is tetrahydrofuranyl (in 
cluding but not limited thereto, tetrahydrofuran-2-yl and tet 
rahydrofuran-3-yl), tetrahydropyranyl (including but not 
limited thereto, tetrahydropyran-2-yl, tetrahydropyran-3-yl, 
and tetrahydropyran-4-yl), or oxazolidinyl (including but not 
limited thereto, 1.3-oxazolidin-4-yl), each of which is option 
ally substituted as described in the Summary and in the pre 
ceding paragraph. 
0099 Examples of yet another group of compounds hav 
ing formula (I), (Ia), (Ib), (Ic), or (Id) include, but are not 
limited to, those wherein R,R,R, and Rare-alkylene 
G, and -alkylene-G is independently tetrahydrofuranylm 
ethyl, tetrahydropyranylmethyl, or oxazolidinylmethyl 
wherein each of the tetrahydrofuranyl, tetrahyropyranyl, and 
oxazolidinyl moieties is independently unsubstituted or sub 
stituted as described in the Summary and in the preceding 
paragraph. 
0100 Further examples of a group of compounds having 
formula (I), (Ia), (Ib), (Ic), or (Id) include, but are not limited 
to, those wherein R. R. R. and R are each indepen 
dently tetrahydrofuran-2-ylmethyl, tetrahydrofuran-3-ylm 
ethyl, 1.3-oxazolidin-4-ylmethyl, tetrahydropyran-2-ylm 
ethyl, wherein the tetrahydrofuran-2-yl, tetrahydrofuran-3- 
yl, 1.3-oxazolidin-4-yl, and the tetrahydropyran-2-yl 
moieties are each independently unsubstituted or substituted 
as described in the Summary and in the preceding paragraph. 
0101. Within each group of compounds of formula (I), 
(Ia), (Ib), (Ic), or (Id) as described herein, R. R. R. R. R. 
R. R. R. R'', R'', X', and X have values as disclosed in 
the Summary and the Detailed Description. 
0102 Thus, of each groups of compounds of formula (I), 
(Ia), (Ib), (Ic), or (Id) as described in the preceding para 
graphs, examples of a subgroup include, but are not limited to, 
those wherein R' is G or - N(R')(R) wherein G', R'' and 
R are as defined in the Summary and in Detailed Description 
sections. 

0103). Other examples of a subgroup include, but not lim 
ited to, those wherein R' is G', and G' is as disclosed in the 
Summary and embodiments herein. 
0104. Other examples of a subgroup include, but are not 
limited to, those wherein R' is G', and G' is phenyl or naph 
thyl, each of which is optionally substituted as described in 
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the Summary and the Detailed Description sections. For 
example, G' is optionally substituted phenyl. 
0105 Yet other examples of a subgroup include those 
wherein R' is G', and G' for example, is optionally substi 
tuted cycloalkyl (for example, adamantyl, bicyclo2.2.1]hep 
tyl, each of which is optionally substituted). 
0106 Still other examples of a subgroup include those 
wherein R' is G', and G' is heterocycle, optionally substi 
tuted as described in the Summary and in the Detailed 
Description. For example, G' is optionally substituted 2,3- 
dihydrobenzofuranyl (including optionally substituted 2,3- 
dihydro-1-benzofuran-7-yl). 
0107 Further examples of a subgroup include those 
wherein R' is G, and G' is heteroaryl, optionally substituted 
as described in the Summary and the Detailed Description. 
For example, G' is optionally substituted quinolinyl (includ 
ing, but not limited to, optionally Substituted quinolin-8-yl). 
I0108. Examples of the optional substituents of G' are as 
described in the Summary and in embodiments herein above. 
0109 Yet other examples of a subgroup include those 
wherein R is N(R')(R) wherein RandR areas defined 
in the Summary and in Detailed Description sections. For 
example, R" is hydrogen or alkyl. In certain embodiments, 
R'' is hydrogen. Examples of R include, but are not limited 
to, alkyl (e.g. Ca-Cs alkyl Such as, but not limited to, neopen 
tyl, 2-ethylhexyl, tert-butyl, 1,2-dimethylpropyl, 1-ethylpro 
pyl, and the like); G such as optionally substituted cycloalkyl 
(e.g. cyclopentyl, cyclohexyl, cycloheptyl, each of which is 
optionally substituted), or optionally substituted aryl (e.g. 
optionally substituted 1,2,3,4-tetrahydronaphthalenyl); 
—(CRR)-G (G, for example, is optionally substituted 
cycloalkyl such as, but not limited to, cyclohexyl, adamanty1 
or bicyclo[3.1.1 heptyl, each of which is optionally substi 
tuted; or optionally substituted aryl such as, but not limited to, 
optionally substituted phenyl; R and R” are, for example, 
hydrogen or alkyl such as, but not limited to C-C alkyl); 
—(CRR), C(O)N(R')(R)(e.g. (R* and R', are each 
independently hydrogen or C-C alkyl such as, but not lim 
ited to, methyl, ethyl, R is hydrogen, alkyl (e.g. C-C alkyl 
Such as, but not limited to, isopropyl, 1-methylpropyl, tert 
butyl, isobutyl), or benzyl, R', for example, is hydrogen; m, 
for example, is 1 or 2); or —(CRR), OR* (e.g., R is 
hydrogen, R is hydrogen or alkyl (e.g. C-C alkyl such as, 
but not limited to, isopropyl, 1-methylpropyl, tert-butyl, 
isobutyl); R is, for example, hydrogen, and n, for example, is 
2). 
0110. Of all examples of the groups and subgroups of 
compounds of formula (I), (Ia), (Ib), (Ic), or (Id) as discussed 
herein-above, R,R,R,R,R,R,R,R,R'', X', X, and 
the optional substituents of G' have values as defined in the 
Summary and the Detailed Description. 
0111 For example, for each of the foregoing groups and 
Subgroups of compounds of formula (I) and (Ia), an example 
of X is S. R for compounds of formula (I) or (Ia) is, for 
example, alkyl (e.g. C-C alkyl such as, but not limited to, 
methyl, isopropyl, tert-butyl, and the like), alkenyl, alkynyl 
(e.g. 1,1-dimethylprop-2-ynyl), haloalkyl, or optionally Sub 
stituted cycloalkyl (e.g. optionally substituted C-C, 
cycloalkyl). In certain embodiments, R is alkyl (e.g. C-C, 
alkyl such as, but not limited to, methyl, isopropyl, tert-butyl, 
and the like) or optionally Substituted cycloalkyl (e.g. option 
ally Substituted C-C cycloalkyl). In certain embodiments, 
R is alky (e.g. C-C alkyl such as, but not limited to, methyl, 
isopropyl, tert-butyl, and the like). In certain embodiments, 
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R is optionally substituted cycloalkyl (e.g. optionally substi 
tuted C-C cycloalkyl). Particular examples of R include, 
but are not limited to, methyl, isopropyl, tert-butyl, 1,1-dim 
ethylprop-2-ynyl, 2.2.2-trifluoro-1,1-dimethylethyl, cyclo 
propyl, and cyclobutyl, wherein the cyclopropyland cyclobu 
tyl are independently unsubstituted or substituted as 
described in the Summary and in the Detailed Description 
sections. Examples of the optional Substituents of said 
cycloalkyl include, but are not limited to, alkyl (e.g. C-C, 
alkyl such as, but not limited to, methyl, ethyl), haloalkyl (e.g. 
trifluoromethyl), and halogen (e.g. F. Cl, Br). 
0112 For each of the foregoing groups and Subgroups of 
compounds of formula (I) and (Ib), R', for example, is alkyl 
(e.g. C-C alkyl) or optionally substituted cycloalkyl. Par 
ticularly, R is tert-butyl or optionally substituted cyclopro 
pyl. In certain embodiments, R is tert-butyl. R, for example, 
is hydrogen, alkyl, or halogen (e.g. Br). In certain embodi 
ments, R is hydrogen. In certain embodiments, X is O. In 
other embodiments, X is N(R') wherein R' is as disclosed 
in the Summary. For example, R' is C-C alkyl such as, but 
not limited to, methyl. Certain embodiments of the foregoing 
groups and Subgroups of compounds of formula (I) or (Ib) 
described in the preceding paragraphs include those wherein 
R" and R, together with the carbonatoms to which they are 
attached, form an optionally Substituted monocyclic 
cycloalkyl ring (e.g. an optionally Substituted cyclopentyl). 
0113 For each of the foregoing groups and Subgroups of 
compounds of formula (I) and (Ic), R and R are, for 
example, hydrogen. R and Rare, for example, each inde 
pendently hydrogen or C-C alkyl Such as, but not limited to, 
methyl, tert-butyl, and the like. 
0114 For each of the foregoing groups and Subgroups of 
compounds of formula (I) and (Id), R', for example, is alkyl 
(e.g. C-C alkyl Such as, but not limited to, tert-butyl and the 
like). R'', for example, is hydrogen, alkyl, or halogen. In 
certain embodiments, R'' is hydrogen. 
0115 Exemplary compounds of formula (I) include, but 
are not limited to, those wherein ring A is formula (a), R is 
G', and G' is phenyl or naphthyl, each of which is indepen 
dently unsubstituted or substituted, X" is S, R is alkyl or 
optionally substituted cycloalkyl, R is -alkylene-G and 
-alkylene-G is independently tetrahydrofuranylmethyl, tet 
rahydropyranylmethyl, or oxazolidinylmethyl wherein each 
of the tetrahydrofuranyl, tetrahyropyranyl, and oxazolidinyl 
moieties is independently unsubstituted or substituted as 
described in the Summary and in the preceding paragraph. 
0116 Exemplary compounds of formula (I) also include, 
but are not limited to, those wherein ring A is formula (b), R' 
is G', and G' is phenyl or naphthyl, each of which is inde 
pendently unsubstituedor substitedX is N(R'), R' is C-C, 
alkyl, R is tert-butyl or optionally substituted cyclopropyl, 
R is hydrogen, R’ is -alkylene-Gand-alkylene-G is inde 
pendently tetrahydrofuranylmethyl, tetrahydropyranylm 
ethyl, or oxazolidinylmethyl wherein each of the tetrahydro 
furanyl, tetrahyropyranyl, and oxazolidinyl moieties is 
independently unsubstituted or substituted as described in the 
Summary and in the preceding paragraph. 
0117 Exemplary compounds of formula (I) also include, 
but are not limited to, those whereinring A is formula (c), R' 
is G', and G' is phenyl or naphthyl, each of which is inde 
pendently unsubstituted or substituted, Rand Rare hydro 
gen, R and R are each independently hydrogen or C-C, 
alkyl, R is -alkylene-G and -alkylene-G is independently 
tetrahydrofuranylmethyl, tetrahydropyranylmethyl, or 
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0280 N-5-tert-butyl-2-(1,4-dioxan-2-ylmethyl)-1-me 
thyl-1 2-dihydro-3H-pyrazol-3-ylidene-2-fluoro-3-(trif 
luoromethyl)benzamide. 
0281 Compounds described herein can exist as stereoiso 
mers wherein asymmetric or chiral centers are present. These 
stereoisomers are “R” or “S” depending on the configuration 
of substituents around the chiral carbonatom. The terms “R” 
and “S” used herein are configurations as defined in IUPAC 
1974 Recommendations for Section E, Fundamental Stere 
ochemistry, Pure Appl. Chem., 1976, 45: 13-30. 
0282 For example, compounds of formula (Ia), (Ib), (Ic), 
and (Id) wherein R. R. R. and Rare each tetrahydro 
furan-2-ylmethyl, can have stereoisomers including, but not 
limited to, those shown below: 

(Iaa) 

(Iab) 

O 

5 (Iba) 
R O 

R 4 ul FN RI 
X2 NN 

Y-G (X), 
O 

5 (Ibb) 
R O 

R 4 ul FN RI 
X 

O 
(Ica) 

R R9 

r O Sa ls 
R6 N N R1 

Y-Ge. 
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-continued 
8 (Icb) 

R 

R 

R6 N 

9 

l N 
R1 

(Ida) 
2 

O 

X=N RI 
s-3 (X), o 

RI 

RI 

(Idb) 

R11 N 
\m. 

- O 

whereins is 1, 2, 3, 4, 5, or 6, X is oxo, alkyl, halogen, OH, 
O(alkyl), O(haloalkyl), or haloalkyl, and R', R. R. R. R. 
R. R. R. R'', R', X', and X’ are as disclosed in the 
Summary and the Detailed Description sections. It is under 
stood that embodiments for R', R. R. R. R. R. R. R. 
R'', R', X', and X, and combinations of embodiments, 
including particular, and more particular embodiments as 
described for formula (Ia), (Ib), (Ic), and (Id) are also con 
templated for compounds of formula (Iaa), (Iab). (Iba), (Ibb), 
(Ica), (Icb), (Ida), and (Idb). 
0283. It can be appreciated two or more asymmetric cen 
ters can be present in the present compounds, hence several 
diastereomers and enantiomers of the exemplified structures 
can often be possible, and that pure diastereomers and enan 
tiomers represent preferred embodiments. It is intended that 
pure diasteromers, pure enantiomers, and mixtures thereof, 
are within the scope of the invention. 
0284 Various stereoisomers (including enantiomers and 
diastereomers) and mixtures thereof (including racemates) 
are contemplated. Individual stereoisomers of present com 
pounds can be prepared synthetically from commercially 
available starting materials that contain asymmetric or chiral 
centers or by preparation of racemic mixtures followed by 
resolution of the individual stereoisomer using methods that 
are known to those of ordinary skill in the art. Examples of 
resolution are, for example, (i) attachment of a mixture of 
enantiomers to a chiral auxiliary, separation of the resulting 
mixture of diastereomers by recrystallization or chromatog 
raphy, followed by liberation of the optically pure product; or 
(ii) separation of the mixture of enantiomers or diastereomers 
on chiral chromatographic columns. 
0285 Geometric isomers can exist in the present com 
pounds. Thus various geometric isomers and mixtures thereof 
resulting from the disposition of Substituents around a car 
bon-carbon double bond, a carbon-nitrogen double bond, a 
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cycloalkyl group, or a heterocycle group are part of the inven 
tion. Substituents around a carbon-carbon double bond or a 
carbon-nitrogen bond are designated as being of Z or Econ 
figuration and Substituents around a cycloalkyl or a hetero 
cycle are designated as being of cis or trans configuration. 
0286. Within the present application it is to be understood 
that compounds disclosed herein can exhibit the phenomenon 
of tautomerism. 

0287 Thus, the formulae drawings within this specifica 
tion can represent only one of the possible tautomeric or 
stereoisomeric forms. It is to be understood that the invention 
encompasses any tautomeric or Stereoisomeric form, and 
mixtures thereof, and is not to be limited merely to any one 
tautomeric or stereoisomeric form utilized within the naming 
of the compounds or formulae drawings. 
0288 Compounds of the invention can exist in isotope 
labeled or -enriched form containing one or more atoms hav 
ing an atomic mass or mass number different from the atomic 
mass or mass number most abundantly found in nature. Iso 
topes can be radioactive or non-radioactive isotopes. Isotopes 
of atoms such as hydrogen, carbon, phosphorous, Sulfur, fluo 
rine, chlorine, and iodine include, but are not limited to, H, 
H, 13C, 14C, 15N, 18O, 32P 35S, 18F 36C1, and 125. Com 
pounds that contain other isotopes of these and/or other atoms 
are within the scope of this invention. 
0289. In another embodiment, the isotope-labeled com 
pounds contain deuterium (H), tritium (H) or ''C isotopes. 
Isotope-labeled compounds of this invention can be prepared 
by the general methods well known to persons having ordi 
nary skill in the art. Such isotope-labeled compounds can be 
conveniently prepared by carrying out the procedures dis 
closed in the Examples and Schemes sections by Substituting 
a readily available isotope-labeled reagent for a non-labeled 
reagent. In some instances, compounds can be treated with 
isotope-labeled reagents to exchange a normal atom with its 
isotope, for example, hydrogen for deuterium can be 
exchanged by the action of a deuteric acid such as DSO/ 
DO. In addition to the above, relevant procedures and inter 
mediates are disclosed, for instance, in Lizondo, J et al., 
Drugs Fut, 21 (11), 1116 (1996); Brickner, S J et al., J Med 
Chem, 39(3), 673 (1996); Mallesham, Bet al., Org Lett, 5(7), 
963 (2003); PCT publications WO 1997010223, 
WO2005099353, WO 1995.007271, WO2006008754; U.S. 
Pat. Nos. 7,538, 189: 7,534,814; 7,531,685; 7,528,131; 7,521, 
421; 7,514,068; 7.511,013; and US Patent Application Pub 
lication Nos. 20090137457; 20090131485; 20090131363; 
200901 18238; 200901 11840; 20090105338; 20090105307; 
20090105147; 20090093422: 20090088416; and 
20090082471, the methods are hereby incorporated by refer 
CCC. 

0290 The isotope-labeled compounds of the invention 
can be used as standards to determine the effectiveness of CB 
ligands in binding assays. Isotope containing compounds 
have been used in pharmaceutical research to investigate the 
in vivo metabolic fate of the compounds by evaluation of the 
mechanism of action and metabolic pathway of the noniso 
tope-labeled parent compound (Blake et al. J. Pharm. Sci. 64. 
3, 367-391 (1975)). Such metabolic studies are important in 
the design of safe, effective therapeutic drugs, either because 
the in Vivo active compound administered to the patient or 
because the metabolites produced from the parent compound 
prove to be toxic or carcinogenic (Foster et al., Advances in 
Drug Research Vol. 14, pp. 2-36, Academic press, London, 
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1985; Kato et al., J. Labelled Comp. Radiopharmaceut., 
36(10):927-932 (1995); Kushneret al., Can. J. Physiol. Phar 
macol., 77, 79-88 (1999). 
0291. In addition, non-radio active isotope containing 
drugs, such as deuterated drugs called "heavy drugs.” can be 
used for the treatment of diseases and conditions related to 
CB2 activity. Increasing the amount of an isotope presentina 
compound above its natural abundance is called enrichment. 
Examples of the amount of enrichment include from about 
0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 16, 21, 25, 29, 33, 37, 42, 
46, 50, 54,58, 63, 67, 71, 75, 79, 84, 88,92, 96, to about 100 
mol%. Replacement of up to about 15% of normal atom with 
a heavy isotope has been effected and maintained for a period 
of days to weeks in mammals, including rodents and dogs, 
with minimal observed adverse effects (Czajka D M and 
Finkel AJ, Ann. N.Y. Acad. Sci. 1960 84: 770; Thomson JF, 
Ann. New York Acad. Sci 1960 84: 736: Czaka D Metal. 
Am. J. Physiol. 1961 201: 357). Acute replacement of as high 
as 15%-23% in human fluids with deuterium was found not to 
cause toxicity (Blagojevic Netal. in “Dosimetry & Treatment 
Planning for Neutron Capture Therapy'. Zamenhof R, 
Solares G and Harling O Eds. 1994. Advanced Medical Pub 
lishing, Madison Wis. pp.125-134; Diabetes Metab. 23: 251 
(1997)). 
0292 Stable isotope labeling of a drug can alter its 
physico-chemical properties such as pKa and lipid solubility. 
These effects and alterations can affect the pharmacodynamic 
response of the drug molecule if the isotopic Substitution 
affects a region involved in a ligand-receptor interaction. 
While some of the physical properties of a stable isotope 
labeled molecule are different from those of the unlabeled 
one, the chemical and biological properties are the same, with 
one exception: because of the increased mass of the heavy 
isotope, any bond involving the heavy isotope and another 
atom can be stronger than the same bond between the light 
isotope and that atom. Accordingly, the incorporation of an 
isotope at a site of metabolism or enzymatic transformation 
can slow said reactions potentially altering the pharmcoki 
netic profile or efficacy relative to the non-istopic compound. 

c. Biological Data 

(i) In Vitro Methods Human CB, and CB Radioligand 
Binding Assays: 
0293. The CB and CB radioligand binding assays 
described herein are utilized to determine the selectivity of 
compounds of the present invention for binding to CB rela 
tive to CB receptors. 
0294 HEK293 cells stably expressing human CB recep 
tors were grown until a confluent monolayer was formed. 
Briefly, the cells were harvested and homogenized in TE 
buffer (50 mM Tris-HCl, 1 mM MgCl, and 1 mM EDTA) 
using a polytron for 2x10 second bursts in the presence of 
protease inhibitors, followed by centrifugation at 45,000xg 
for 20 minutes. The final membrane pellet was re-homog 
enized in storage buffer (50 mM Tris-HCl, 1 mM MgCl, and 
1 mM EDTA and 10% sucrose) and frozen at -78° C. until 
used. Saturation binding reactions were initiated by the addi 
tion of membrane preparation (protein concentration of 5 
ug?well for human CB) into wells of a deep well plate con 
taining (HICP-55,940 (120 Ci/mmol, a nonselective CB 
agonist commercially available from Tocris) in assay buffer 
(50 mM Tris, 2.5 mM EDTA, 5 mM MgCl, and 0.5 mg/mL 
fatty acid free BSA, pH 7.4). After 90 min incubation at 30° 
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C., binding reaction was terminated by the addition of 300 
uL/well of cold assay buffer followed by rapid vacuum filtra 
tion through a UniFilter-96 GF/C filter plates (pre-soaked in 
1 mg/mL BSA for 2 hours). The bound activity was counted 
in a TopCount using Microscint-20. Saturation experiments 
were conducted with twelve concentrations of HICP-55, 
940 ranging from 0.01 to 8 nM. Competition experiments 
were conducted with 0.5 nMHICP-55,940 and five concen 
trations of displacing ligands selected from the range of 0.01 
nM to 10 uM. The addition of 10 uM unlabeled CP-55,940 
(Tocris, Ellisville, Mo.) was used to assess nonspecific bind 
1ng 

0295) HEK293 cells stably expressing rat CB receptors 
were grown until a confluent monolayer was formed. Briefly, 
the cells were harvested and homogenized in TE buffer (50 
mM Tris-HCl, 1 mM MgCl, and 1 mM EDTA) using a 
polytron for 2x10 second bursts in the presence of protease 
inhibitors, followed by centrifugation at 45,000xg for 20 
minutes. The final membrane pellet was re-homogenized in 
storage buffer (50 mM Tris-HCl, 1 mM MgCl2, and 1 mM 
EDTA and 10% sucrose) and frozen at -78° C. until used. 
Saturation binding reactions were initiated by the addition of 
membrane preparation (protein concentration of 20 ug?well 
for rat CB) into wells of a deep well plate containing H 
CP-55,940 (120 Ci/mmol, a nonselective CB agonist com 
mercially available from Tocris) in assay buffer (50 mM Tris, 
2.5 mM EDTA, 5 mM MgCl2, and 0.5 mg/mL fatty acid free 
BSA, pH 7.4). After 45 min incubation at 30° C., binding 
reaction was terminated by the addition of 300 uL/well of 
cold assay buffer followed by rapid vacuum filtration through 
a UniFilter-96 GF/C filter plates (pre-soaked in 1 mg/mL 
BSA for 2 hours). The bound activity was counted in a Top 
Count using Microscint-20. Saturation experiments were 
conducted with twelve concentrations of HICP-55,940 
ranging from 0.01 to 8 nM. Competition experiments were 
conducted with 0.5 nM (HICP-55,940 and five concentra 
tions of displacing ligands selected from the range of 0.01 nM 
to 10 The addition of 10 uM unlabeled CP-55,940 (Tocris, 
Ellisville, Mo.) was used to assess nonspecific binding. 
0296 Certain compounds tested bound to CB receptors 
with a K, of less than about 1,000 nM, for example, less than 
400 nM, or less than 200 nM and, or lower than 100 nM. 
0297 HEK293 human CB membranes were purchased 
from PerkinElmer. Binding was initiated by the addition of 
membranes (8-12 ug per well) into wells (Scienceware 
96-well Deep Well plate, VWR, West Chester, Pa.) containing 
(HICP-55,940 (120 Ci/mmol, Perkin Elmer, Boston, Ma.) 
and a sufficient volume of assay buffer (50 mM Tris, 2.5 mM 
EDTA, 5 mM MgCl2, and 0.5 mg/mL fatty acid free BSA, pH 
7.4) to bring the total volume to 2504. After incubation (30° 
C. for 90 minutes), binding was terminated by the addition of 
300 per well of cold assay buffer and rapid vacuum filtration 
(FilterMate Cell Harvester, Perkin Elmer, Boston, Ma.) 
through a UniFilter-96 GF/C filter plate (Perkin Elmer, Bos 
ton, Ma.) (pre-soaked in 0.3% PEI at least 3 hours), followed 
by five washes with cold assay buffer. The bound activity was 
counted in the TopCount using Microscint-20 (both from 
Perkin Elmer, Boston, Ma.). Competition experiments were 
conducted with 1 nM (HICP-55,940 and five concentrations 
(1 nM to 10 uM) of displacing ligands. The addition of 10 uM 
unlabeled CP-55,940 (Tocris, Ellisville, Mo.) was used to 
assess nonspecific binding. Certain compounds tested bound 
to CB receptors with K, of about 10 fold to about 500-fold 
higher than that for CB receptors. These results show that 
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these compounds preferably bind to CB receptors, therefore 
are selective ligands for the CB receptor. 

TABLE 1 

Example human CB2K (nM) rat CB2. K. (nM) 

1 51 2.9 
2 17 12 
3 114 7 
4 6.9 .2 
5 9.1 O.9 
6 2O 3.3 
7 38 .6 
8 O.8 
9 33 .4 
10 360 
11 4.8 2.6 
13 4.8 .9 
14 35 24 
15 2.8 .2 
16 147 84 
17 230 58 
18 51 99 
19 22 
2O 25 23 
21 63 22 
22 24 O 
23 30 9 
24 260 29 
25 101 40 
28 101 44 
29 4.8 4 
30 3.8 1 
31 11 6.2 
32 261 114 
33 81 4 
34 11 5.5 
35 17 5.5 
39 8.9 3.8 
40 32 22 
41 132 8 
42 139 30 
43 19 O 
44 17 8 
45 8.2 4.9 
46 0.7 1.3 
47 17 3.7 
48 143 29 
49 56 2O 
50 63 S4 
51 68 67 
52 6.6 1.3 
53 16 4.3 
S4 17 9.5 
55 152 143 
58 31 69 
59 28 27 
60 66 46 
61 103 13 
62 2O 4.0 
63 36 2O 
64 30 6.2 
65 65 5.7 
66 2.1 O.8 
67 16 10 
73 45 8.2 
79 32 11 
8O 28 38 
82 3.8 10 
84 199 73 
85 87 13 
86 11 3.3 
88 2O 5.4 
89 9.8 5.8 
90 3.5 3.0 
91 2O3 30 
93 17 15 
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TABLE 1-continued 

Example human CB2K (nM) rat CB2. K. (nM) 

94 2.6 3.3 
96 3 3.7 
97 63 46 
98 261 88 
99 2 3.5 
OO 3.2 1.1 
O1 49 34 
O2 21 11 
O3 6 4.4 
O4 46 9.3 
05 69 10 
O6 168 63 
O7 1 4.8 
O8 148 55 
09 23 15 
10 2 3.0 
11 4 12 
12 3.3 2.4 
13 110 40 
14 41 2O 
15 25 5.4 
16 26 11 
18 42 14 
19 70 25 
2O 1.7 2.1 
21 53 15 
22 8.2 1.4 
25 32 25 
28 243 107 
29 8.6 2.3 
30 72 17 
31 23 18 
32 15 7.1 
33 107 39 

(ii) In Vivo Data: 
0298 Animals 
0299. Adult male Sprague-Dawley rats (250-300 g body 
weight, Charles River Laboratories, Portage, Mich.) are used. 
Animal handling and experimental protocols are approved by 
the Institutional Animal Care and Use Committee (IACUC) at 
Abbott Laboratories. For all Surgical procedures, animals are 
maintained under isoflurane anesthesia (4-5% to induce, 
1-3% to maintain), and the incision sites are sterilized using a 
10% povidone-iodine solution prior to and after surgeries. 
0300 Incisional Model of Postoperative Pain 
0301 A skin incision model of postoperative pain was 
produced using the procedures described in Brennan et al., 
1996, Pain, 64,493. Allrats were anesthetized with isoflurane 
delivered via a nose cone. Right hind paw incision was per 
formed following sterilization procedures. The plantaraspect 
of the left hind paw was placed through a hole in a sterile 
plastic drape. A 1-cm longitudinal incision was made through 
the skin and fascia of the plantar aspect of the hind paw, 
starting 0.5 cm from the proximal edge of the heel and extend 
ing towards the toes, the plantar muscle was elevated and 
incised longitudinally leaving the muscle origin and insertion 
points intact. The skin was then closed with two mattress 
sutures (5-0 nylon). After surgery, animals were then allowed 
to recover for 2 hours, at which time tactile allodynia was 
assessed as described below. To evaluate the anti-nociceptive 
effects, animals were i.p. administered vehicle or test com 
pound 90 minutes following skin incision and tactile allo 
dynia was assessed 30 minutes after compound administra 
tion. 

17 
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0302 Tactile allodynia was measured using calibrated von 
Frey filaments (Stoelting, Wood Dale, Ill.) as described in 
Chaplan, S.R., F. W. Bach, J. W. Pogrel, J. M. Chung and T. 
L. Yaksh, 1994, Quantitative Assessment of Tactile Allodynia 
in the Rat Paw, J. Neurosci. Methods, 53,55. Rats were placed 
into inverted individual plastic cage (20x12.5x20 cm) on top 
ofa Suspended wire mesh grid, and were acclimated to the test 
chambers for 20 minutes. The von Frey filaments were 
applied perpendicularly from underneath the cage through 
openings in the wire mesh floor directly to an area within 1-3 
mm (immediately adjacent) of the incision, and then held in 
this position for approximately 8 seconds with enough force 
to cause a slight bend in the filament. Positive responses 
included an abrupt withdrawal of the hind paw from the 
stimulus, or flinching behavior immediately following 
removal of the stimulus. A 50% withdrawal threshold was 
determined using an up-down procedure (Dixon, W.J., 1980, 
Efficient Analysis of Experimental Observations, Ann. Rev. 
Pharmacol. Toxicol., 20, 441). 
0303 Certain compounds tested showed a statistically sig 
nificant change in paw withdrawal latency versus a saline 
vehicle at less than about 300 micromoles/kg. Certain com 
pounds measured showed efficacy at less than about 50 
micromoles/kg. 
0304 Capsaicin-Induced Secondary Mechanical Hyper 
sensitivity: 
0305 Rats were allowed to acclimate to the study room for 
1 hour. They were then briefly restrained, and capsaicin was 
administered at 10 ug in 10 ul of vehicle (10% ethanol and 
2-hydroxypropyl cyclodextrin) by intraplantar injection into 
the center of the right hindpaw. Secondary mechanical hype 
ralgesia was measured at the heel away from the site of 
injection at 180 min following capsaicin (Joshi et al 2006, 
Neuroscience 143, 587-596). Compounds are injected (i.p.) 
30 min before testing (150 min post-capsaicin). 
0306 Tactile allodynia was measured as described above. 
0307 Certain compounds tested showed a statistically sig 
nificant change in paw withdrawal latency versus a saline 
vehicle at less than about 300 micromoles/kg. Certain com 
pounds measured showed efficacy of less than about 50 
micromoles/kg. 
0308 MIA-induced Knee Joint Osteoarthritic Pain Model 
0309 Unilateral knee joint osteoarthritis was induced in 
the rats by a single intra-articular (i.a.) injection of sodium 
monoiodoacetate (MIA, 3 mg in 0.05 mL sterile isotonic 
saline) into the right knee joint cavity under light isoflurane 
anesthesia using a 26G needle. The dose of the MIA (3 mg/i. 
a.injection) was selected based on results obtained from pre 
liminary studies wherein an optimal pain behavior was 
observed at this dose. Pain behavioral assessment of hind 
limb grip force were conducted by recording the maximum 
compressive force exerted on the hind limb strain gauge 
setup, in a commercially available grip force measurement 
system (Columbus Instruments, Columbus, Ohio). The grip 
force data was converted to a maximum hind limb cumulative 
compressive force (CFmax) (gram force)/kg body weight for 
each animal. The analgesic effects of test compounds were 
determined 20 days following the i.a. injection of MIA. The 
vehicle control group for each compound being tested was 
assigned 0% whereas the age matched naive group was 
assigned as being 100% (normal). The 96 effects for each dose 
group was then expressed as % return to normalcy compared 
to the naive group. Compounds were administered either 
orally (p.o.) or intraperitoneally (i.p.). The assessment of the 
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analgesic effects of test compounds is typically made anytime 
between about 1 hour and about 5 hours following oral 
administration. The assessment of the analgesic effects oftest 
compounds is typically made anytime between about 0.5 hour 
and about 2 hours following i.p. administration. Selection of 
the preferred time points for measuring the analgesic effects 
of test compounds was based upon consideration of the indi 
vidual pharmacokinetic characteristics of test compounds in 
the rat. Time points that were known or expected to provide 
higher plasma concentrations of test compounds were pre 
ferred over those that were known or expected to provide 
lower concentrations. The assessment of the analgesic effects 
of test compounds can be made following a single dose or 
following repeated dosing of test compounds wherein the 
frequency of dosing is 1 to 2 times daily. The duration of Such 
repeated daily dosing can last for any time greater than or 
equal to one day. A typical duration of repeated daily dosing 
is about 5 days to about 12 days. 
0310 Certain compounds tested showed a statistically sig 
nificant change inhind limb grip force strength versus a saline 
vehicle at less than about 300 micromoles/kg in the MIA 
model of osteoarthritic pain following a single dose. Certain 
compounds tested showed a statistically significant change in 
hind limb grip force strength versus a saline vehicle at less 
than about 50 micromoles/kg in the MIA model of osteoar 
thritic pain following a single dose. 

d. Methods of Using the Compounds 

0311. One embodiment of the present invention provides a 
method for treating pain (for example, inflammatory pain, 
chronic pain, neuropathic pain, nociceptive pain, osteoar 
thritic pain, post-operative pain, cancer pain, lowerback pain, 
eye pain) in a mammal (including human) in need of Such 
treatment. The method comprises administering to the mam 
mal a therapeutically effective amount of a compound as 
described herein, or a pharmaceutically acceptable salt, Sol 
Vate, salt of a Solvate, or Solvate of a salt thereof, alone or in 
combination with a pharmaceutically acceptable carrier. The 
method further comprises administration of present com 
pounds as a single dose. The method also comprises repeated 
or chronic administration of present compounds over a period 
of days, weeks, months, or longer. Compounds described 
herein can be administered alone, or in combination with one 
or more other compounds described herein, or in combination 
(i.e. co-administered) with one or more additional pharma 
ceutical agents. For example, one or more compounds 
described herein, or pharmaceutically acceptable salts, Sol 
Vates, salts of Solvates, or Solvates of salts thereof, can be 
administered in combination with an analgesic (e.g. acetami 
nophen or opioid), or with one or more nonsteroidal anti 
inflammatory drug (NSAID) such as, but not limited to, aspi 
rin, diclofenac, diflusinal, etodolac, fenbufen, fenoprofen, 
flufenisal, flurbiprofen, ibuprofen, indomethacin, ketoprofen, 
ketorolac, meclofenamic acid, mefenamic acid, meloxicam, 
nabumetone, naproxen, nimeSulide, nitroflurbiprofen, olsala 
Zine, Oxaprozin, phenylbutaZone, piroxicam, Sulfasalazine, 
Sulindac, tolmetin and Zomepirac, or administered with a 
combination of acetaminophen and one or more NSAID. In 
certain embodiments, the nonsteroidal anti-inflammatory 
drug (NSAID) is ibuprofen. 
0312 Another embodiment provides a method for treating 
a disorder selected from the group consisting of inflammatory 
disorders, immune disorders, neurological disorders, cancers 
of the immune system, respiratory disorders, and cardiovas 
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cular disorders in a mammal in need of Such treatment. The 
method comprises administering to the mammal therapeuti 
cally effective amount of a compound of formula (I) or phar 
maceutically acceptable salts, Solvates, salts of Solvates, or 
Solvates of salts thereof, alone or in combination with a phar 
maceutically acceptable carriers. 
0313. Yet another embodiment relates to a method for 
providing neuroprotection in a mammal in need of such treat 
ment. This method comprises administering to the mammal 
therapeutically effective amount of one or more compound(s) 
described herein or pharmaceutically acceptable salts, Sol 
Vates, salts of solvates, or Solvates of salts thereof, alone or in 
combination with a pharmaceutically acceptable carrier. 
0314. Another embodiment provides a method of increas 
ing the therapeutic effectiveness or potency of compounds 
described herein by repeated or chronic administration over a 
period of days, weeks, or months. 
0315. In addition to the data contained herein, several lines 
of evidence support the assertion that CB receptors play a 
role in analgesia. HU-308 is one of the first highly selective 
CB agonists identified that elicits an antinociceptive 
response in the rat formalin model of persistent pain (Hanus, 
L., et al., Proc. Nat. Acad. Sci., 1999,96, 14228-14233). The 
CB-selective cannabinoid ligand AM-1241 exhibits robust 
analgesic efficacy in animal models of acute thermal pain 
(Malan, T. P. et al., Pain, 2001, 93,239-245; Ibrahim, M. M., 
et al., Proc. Nat. Acad. Sci., 2005, 102(8), 3093-3098), per 
sistent pain (Hohmann, A.G., et al., J. Pharmacol. Exp. Ther. 
2004, 308, 446-453), inflammatory pain (Nackley, A. G., et 
al., Neuroscience, 2003, 119, 747-757: Quartilho, A. et al., 
Anesthesiology, 2003, 99, 955-60), and neuropathic pain 
(Ibrahim, M. M., et al., Proc. Nat. Acad. Sci., 2003, 100, 
10529-10533). The CB-selective partial agonist 
GW405833, also known as L768242, is efficacious in rodent 
models of neuropathic, incisional, and both chronic and acute 
inflammatory pain (Valenzano, K.J., et al., Neuropharmacol 
ogy, 2005, 48,658-672 and Clayton, N., et al., Pain, 2002, 96, 
253-260). 
0316 The potential exists for CB modulators to have 
opioid sparing effects. A synergy between the analgesic 
effects of morphine and the nonselective CB agonist A-THC 
has been documented (Cichewicz, D. L., Life Sci. 2004, 74. 
1317-1324). Therefore, CB, ligands have additive or syner 
gistic analgesic effects when used in combination with lower 
doses of morphine or other opioids, providing a strategy for 
reducing adverse opioid events, such as tolerance, constipa 
tion, and respiratory depression, without sacrificing analgesic 
efficacy. 
0317. CB receptors are present in tissues and cell types 
associated with immune functions and CB receptor mRNA 
is expressed by human B cells, natural killer cells, monocytes, 
neutrophils, and T cells (Galiegue et al., Eur. J. Biochem. 
1995, 232, 54-61). Studies with CB knockout mice have 
Suggested a role for CB receptors in modulating the immune 
system (Buckley, N. E., et al., Eur. J. Pharmacol. 2000, 396, 
141-149). Although immune cell development and differen 
tiation are similar in knockout and wild type animals, the 
immunosuppressive effects of -THC are absent in the CB 
receptor knockout mice, providing evidence for the involve 
ment of CB receptors in immunomodulation. As such, selec 
tive CB modulators can be useful for the treatment of 
autoimmune diseases including but not limited to multiple 
Sclerosis, rheumatoid arthritis, systemic lupus, myasthenia 
gravis, type I diabetes, irritable bowel syndrome, psoriasis, 



US 2010/0249129 A1 

psoriatic arthritis, and hepatitis; and immune related disor 
ders including but not limited to tissue rejection in organ 
transplants, gluten-sensitive enteropathy (Celiac disease), 
asthma, chronic obstructive pulmonary disease, emphysema, 
bronchitis, acute respiratory distress syndrome, allergies, 
allergic rhinitis, dermatitis, and Sjogren's syndrome. 
0318 Microglial cells are considered to be the immune 
cells of the central nervous system (CNS) where they regulate 
the initiation and progression of immune responses. CB 
receptor expression on microglia is dependent upon inflam 
matory state with higher levels of CB found in primed, pro 
liferating, and migrating microglia relative to resting or fully 
activated microglial (Carlisle, S.J., et al. Int. Immunophar 
macol., 2002, 2, 69). Neuroinflammation induces many 
changes in microglia cell morphology and there is an upregu 
lation of CB receptors and other components of the endocan 
nabinoid system.-Neuroinflammation occurs in several neu 
rodegenerative diseases, and induction of microglial CB 
receptors has been observed (Carrier, E. J., et al., Current 
Drug Targets CNS & Neurological Disorders, 2005, 4, 657 
665). Thus, CB, ligands can be clinically useful for the treat 
ment of neuroinflammation. 

0319 Multiple sclerosis is common immune-mediated 
disease of the CNS in which the ability of neurons to conduct 
impulses becomes impaired through demyelination and 
axonal damage. The demyelination occurs as a consequence 
of chronic inflammation and ultimately leads to a broad range 
of clinical symptoms that fluctuate unpredictably and gener 
ally worsen with age. These include painful muscle spasms, 
tremor, ataxia, motor weakness, sphincter dysfunction, and 
difficulty speaking (Pertwee, R. G., Pharmacol. Ther. 2002, 
95, 165-174). The CB receptor is up-regulated on activated 
microglial cells during experimental autoimmune encepha 
lomyelitis (EAE) (Maresz, K., et al., J. Neurochem. 2005, 95, 
437-445). CB receptor activation prevents the recruitment of 
inflammatory cells such as leukocytes into the CNS (Ni, X., et 
al., Multiple Sclerosis, 2004, 10, 158-164) and plays a pro 
tective role in experimental, progressive demyelination 
(Arevalo-Martin, A.; et al., J. Neurosci., 2003, 23(7), 251 1 
2516), which are critical features in the development of mul 
tiple Sclerosis. Thus, CB receptor modulators can provide a 
unique treatment for demyelinating pathologies. 
0320 Alzheimer's disease is a chronic neurodegenerative 
disorder accounting for the most common form of elderly 
dementia. Recent studies have revealed that CB receptor 
expression is upregulated in neuritic plaque-associated 
microglia from brains of Alzheimer's disease patients (Be 
nito, C., et al., J. Neurosci., 2003, 23(35), 11 136-11141). In 
vitro, treatment with the CB agonist JWH-133 abrogated 
B-amyloid-induced microglial activation and neurotoxicity, 
effects that can be blocked by the CB antagonist SR 144528 
(Ramirez, B.G., et al., J. Neurosci. 2005, 25 (8), 1904-1913). 
CB modulators can possess both anti-inflammatory and neu 
roprotective actions and thus have clinical utility in treating 
neuroinflammation and in providing neuroprotection associ 
ated with the development of Alzheimer's disease. 
0321) Increased levels of epithelial CB receptor expres 
sion are observed in human inflammatory bowel disease tis 
Sue (Wright, K., et al., Gastroenterology, 2005, 129, 437 
453). Activation of CB receptors re-established normal 
gastrointestinal transit after endotoxic inflammation was 
induced in rats (Mathison, R., et al., Br. J. Pharmacol. 2004, 
142, 1247-1254). CB receptor activation in a human colonic 
epithelial cell line inhibited TNF-C.-induced interleukin-8 
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(IL-8) release (Ilhenetu, K. et al., Eur. J. Pharmacol. 2003, 
458, 207-215). Chemokines released from the epithelium, 
Such as the neutrophil chemoattractant IL-8, are upregulated 
in inflammatory bowel disease (Warhurst, A. C., et al., Gut, 
1998, 42, 208-213). Thus, administration of CB receptor 
modulators can represent a novel approach for the treatment 
of inflammation and disorders of the gastrointestinal tract 
including but not limited to inflammatory bowel disease, 
irritable bowel syndrome, secretory diarrhea, ulcerative coli 
tis, Crohn's disease and gastroesophageal reflux disease 
(GERD). 
0322 Hepatic fibrosis occurs as a response to chronic liver 
injury and ultimately leads to cirrhosis, which is a major 
worldwide health issue due to the severe accompanying com 
plications of portal hypertension, liver failure, and hepatocel 
lular carcinoma (Lotersztajn, S., et al., Annu Rev. Pharmacol. 
Toxicol., 2005, 45, 605-628). Although CB receptors were 
not detectable in normal human liver, CB receptors were 
expressed liver biopsy specimens from patients with cirrho 
sis. Activation of CB receptors in cultured hepatic myofibro 
blasts produced potent antifibrogenic effects (Julien, B., et al., 
Gastroenterology, 2005, 128, 742-755). In addition, CB 
knockout mice developed enhanced liver fibrosis after 
chronic administration of carbon tetrachloride relative to 
wild-type mice. Administration of CB receptor modulators 
can represent a unique approach for the treatment of liver 
fibrosis. 

0323 Cough is a dominant and persistent symptom of 
many inflammatory lung diseases, including asthma, chronic 
obstructive pulmonary disease, viral infections, and pulmo 
nary fibrosis (Patel, H.J., et al., Brit. J. Pharmacol., 2003, 140, 
261-268). Recent studies have provided evidence for the 
existence of neuronal CB receptors in the airways, and have 
demonstrated a role for CB receptor activation in cough 
suppression (Patel, H. J., et al., Brit. J. Pharmacol., 2003, 140, 
261-268 and Yoshihara, S., et al., Am. J. Respir. Crit. Care 
Med., 2004, 170,941-946). Both exogenous and endogenous 
cannabinoid ligands inhibit the activation of C-fibers via CB 
receptors and reduce neurogenic inflammatory reactions in 
airway tissues (Yoshihara, S., et al., J. Pharmacol. Sci. 2005, 
98(1), 77-82; Yoshihara, S., et al., Allergy and Immunology, 
2005, 138, 80-87). Thus, CB-selective modulators can have 
utility as antitussive agents for the treatment of pulmonary 
inflammation, chronic cough, and a variety of airway inflam 
matory diseases including but not limited to asthma, chronic 
obstructive pulmonary disease, and pulmonary fibrosis. 
0324. There is a substantial genetic contribution to bone 
mass density and the CB receptor gene is associated with 
human osteoporosis (Karsak, M., et al., Human Molecular 
Genetics, 2005, 14(22), 3389-3396). Osteoclasts and osteo 
blasts are largely responsible for maintaining bone structure 
and function through a process called remodeling, which 
involves resorption and synthesis of bone (Boyle, W.J., et al., 
Nature, 2003, 423, 337-342). CB receptor expression has 
been detected on osteoclasts and osteoblastic precursor cells, 
and administration of a CB agonist in mice caused a dose 
dependent increase in bone formation (Groteinhermen, F. and 
Muller-Vahl, K., Expert Opin. Pharmacother. 2003, 4(12), 
2367-2371). Cannabinoid inverse agonists, including the 
CB-selective inverse agonist SR 144528, have been shown to 
inhibit osteoclast activity and reverse ovariectomy-induced 
bone loss in mice, which is a model for post-menopausal 
osteoporosis (Ralston, S. H., et al., Nature Medicine, 2005, 
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11, 774-779). Thus, CB modulators can be useful for the 
treatment and prevention of osteoporosis, osteoarthritis, and 
bone disorders. 
0325 Artherosclerosis is a chronic inflammatory disease 
and is a leading cause of heart disease and stroke. CB recep 
tors have been detected in both human and mouse atheroscle 
rotic plaques. Administration of low doses of THC in apoli 
poprotein E knockout mice slowed the progression of 
atheroscleroticlesions, and these effects were inhibited by the 
CB-selective antagonist SR 144528 (Steffens, S., et al., 
Nature, 2005, 434, 782-786). Thus, compounds with activity 
at the CB receptor can be clinically useful for the treatment 
of atheroscelorsis. 
0326 CB receptors are expressed on malignant cells of 
the immune system and targeting CB receptors to induce 
apoptosis can constitute a novel approach to treating malig 
nancies of the immune system. Selective CB agonists induce 
regression of malignant gliomas (Sanchez, C., et al., Cancer 
Res., 2001, 61, 5784-5789), skin carcinomas (Casanova, M. 
L., et al., J. Clin. Invest., 2003, 111, 43-50), and lymphomas 
(McKallip, R. J., et al., Blood, 2002, 15(2), 637-634). Thus, 
CB modulators can have utility as anticancer agents against 
tumors of immune origin. 
0327) Activation of CB receptors has been demonstrated 
to protect the heart against the deleterious effects of ischemia 
and reperfusion (Lepicier, P. et al., Brit. J. Pharm. 2003, 139, 
805-815; Bouchard, J.-F., et al., Life Sci. 2003, 72, 1859 
1870; Filippo, C. D., et al., J. Leukoc. Biol. 2004, 75, 453 
459). Thus, CB modulators can have utility for the treatment 
or prophylaxis of cardiovascular disease and the development 
of myocardial infarction. 
0328 Actual dosage levels of active ingredients in the 
pharmaceutical compositions can be varied so as to obtain an 
amount of the active compound(s) that is effective to achieve 
the desired therapeutic response for a particular patient, com 
positions and mode of administration. The selected dosage 
level can depend upon the activity of the particular com 
pound, the route of administration, the duration of treatment, 
the severity of the condition being treated and the condition 
and prior medical history of the patient being treated. How 
ever, it is within the skill of the art to start doses of the 
compound at levels lower than required to achieve the desired 
therapeutic effect and to gradually increase the dosage until 
the desired effect is achieved. In the treatment of certain 
medical conditions, repeated or chronic administration of 
compounds can be required to achieve the desired therapeutic 
response. “Repeated or chronic administration” refers to the 
administration of compounds daily (i.e., every day) or inter 
mittently (i.e., not every day) over a period of days, weeks, 
months, or longer. In particular, the treatment of chronic 
painful conditions is anticipated to require Such repeated or 
chronic administration of the compounds. Compounds 
described herein can become more effective upon repeated or 
chronic administration such that the therapeutically effective 
doses on repeated or chronic administration can be lower than 
the therapeutically effective dose from a single administra 
tion. 

0329 Combination therapy includes administration of a 
single pharmaceutical dosage formulation containing one or 
more of the compounds described herein and one or more 
additional pharmaceutical agents, as well as administration of 
the compounds and each additional pharmaceutical agent, in 
its own separate pharmaceutical dosage formulation. For 
example, a compound described herein and one or more addi 
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tional pharmaceutical agents, can be administered to the 
patient together, in a single oral dosage composition having a 
fixed ratio of each active ingredient, such as a tablet or cap 
Sule; or each agent can be administered in separate oral dos 
age formulations. 
0330. Where separate dosage formulations are used, 
present compounds and one or more additional pharmaceu 
tical agents can be administered at essentially the same time 
(e.g., concurrently) or at separately staggered times (e.g., 
sequentially). 
0331 Compounds described herein can also be adminis 
tered as a pharmaceutical composition comprising the com 
pounds of interest in combination with one or more pharma 
ceutically acceptable carriers. The phrase “therapeutically 
effective amount of the present compounds means sufficient 
amounts of the compounds to treat disorders, at a reasonable 
benefit/risk ratio applicable to any medical treatment. It can 
be understood, however, that the total daily usage of the 
compounds and compositions can be decided by the attending 
physician within the scope of Sound medical judgment. The 
specific therapeutically effective dose level for any particular 
patient can depend upon a variety of factors including the 
disorder being treated and the severity of the disorder; activity 
of the specific compound employed; the specific composition 
employed; the age, body weight, general health, sex and diet 
of the patient; the time of administration, route of adminis 
tration, and rate of excretion of the specific compound 
employed; the duration of the treatment; drugs used in com 
bination or coincidental with the specific compound 
employed; and like factors well-known in the medical arts. 
For example, it is well within the skill of the art to start doses 
of the compound at levels lower than required to achieve the 
desired therapeutic effect and to gradually increase the dos 
age until the desired effect is achieved. 
0332 The total daily dose of the compounds administered 
to a humanor other animal range from about 0.01 mg/kg body 
weight to about 100 mg/kg body weight. More preferable 
doses can be in the range of from about 0.03 mg/kg body 
weight to about 30 mg/kg body weight. If desired, the effec 
tive daily dose can be divided into multiple doses for purposes 
of administration. Consequently, single dose compositions 
can contain such amounts or Submultiples thereof to make up 
the daily dose. It is understood that the effective daily dose 
can vary with the duration of the treatment. 

e. Pharmaceutical Compositions 
0333 Pharmaceutical compositions comprise compounds 
described herein or pharmaceutically acceptable salts or Sol 
Vates thereofare also described. The pharmaceutical compo 
sitions comprising compounds described herein can be for 
mulated together with one or more non-toxic 
pharmaceutically acceptable carriers. 
0334] Another aspect relates to pharmaceutical composi 
tions comprising present compounds, or pharmaceutically 
acceptable salts or Solvates thereof, and one or more pharma 
ceutically acceptable carriers, alone or in combination with 
one or more nonsteroidal anti-inflammatory drug (NSAID), 
or other analgesics (for example, acetaminophen), or combi 
nations thereof 
0335 The pharmaceutical compositions can be adminis 
tered to humans and other mammals orally, rectally, parenter 
ally, intracisternally, intravaginally, intraperitoneally, topi 
cally (as by powders, ointments or drops), bucally or as an 
oral or nasal spray. The term “parenterally' as used herein, 
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refers to modes of administration which include intravenous, 
intramuscular, intraperitoneal, intrasternal, Subcutaneous and 
intraarticular injection and infusion. 
0336. The term “pharmaceutically acceptable carrier as 
used herein, means a non-toxic, inert Solid, semi-solid or 
liquid filler, diluent, encapsulating material or formulation 
auxiliary of any type. Some examples of materials which can 
serve as pharmaceutically acceptable carriers are Sugars Such 
as, but not limited to, lactose, glucose and Sucrose; starches 
Such as, but not limited to, corn starch and potato starch; 
cellulose and its derivatives Such as, but not limited to, sodium 
carboxymethyl cellulose, ethyl cellulose and cellulose 
acetate; powdered tragacanth; malt, gelatin; talc, excipients 
Such as, but not limited to, cocoa butter and Suppository 
waxes; oils such as, but not limited to, peanut oil, cottonseed 
oil, safflower oil, Sesame oil, olive oil, corn oil and soybean 
oil; glycols; Such a propylene glycol; esters such as, but not 
limited to, ethyl oleate and ethyl laurate; agar, buffering 
agents such as, but not limited to, magnesium hydroxide and 
aluminum hydroxide; alginic acid; pyrogen-free water, iso 
tonic saline; Ringer's Solution; ethyl alcohol, and phosphate 
buffer solutions, as well as other non-toxic compatible lubri 
cants such as, but not limited to, Sodium lauryl Sulfate and 
magnesium Stearate, as well as coloring agents, releasing 
agents, coating agents, Sweetening, flavoring and perfuming 
agents, preservatives and antioxidants can also be present in 
the composition, according to the judgment of the formulator. 
0337 Pharmaceutical compositions for parenteral injec 
tion comprise pharmaceutically acceptable sterile aqueous or 
nonaqueous Solutions, dispersions, Suspensions or emulsions 
as well as sterile powders for reconstitution into sterile inject 
able solutions or dispersions just prior to use. Examples of 
Suitable aqueous and nonaqueous carriers, diluents, solvents 
or vehicles include water, ethanol, polyols (such as glycerol, 
propylene glycol, polyethylene glycol and the like), vegetable 
oils (such as olive oil), injectable organic esters (such as ethyl 
oleate) and suitable mixtures thereof. Proper fluidity can be 
maintained, for example, by the use of coating materials such 
as lecithin, by the maintenance of the required particle size in 
the case of dispersions and by the use of Surfactants. 
0338. These compositions can also contain adjuvants such 
as preservatives, wetting agents, emulsifying agents and dis 
persing agents. Prevention of the action of microorganisms 
can be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phe 
nol sorbic acid and the like. It can also be desirable to include 
isotonic agents such as Sugars, sodium chloride and the like. 
Prolonged absorption of the injectable pharmaceutical form 
can be brought about by the inclusion of agents which delay 
absorption Such as aluminum monostearate and gelatin. 
0339. In some cases, in order to prolong the effect of the 
drug, it is desirable to slow the absorption of the drug from 
Subcutaneous or intramuscular injection. This can be accom 
plished by the use of a liquid Suspension of crystalline or 
amorphous material with poor water solubility. The rate of 
absorption of the drug then depends upon its rate of dissolu 
tion which, in turn, can depend upon crystal size and crystal 
line form. Alternatively, delayed absorption of a parenterally 
administered drug form is accomplished by dissolving or 
Suspending the drug in an oil vehicle. 
0340. Injectable depot forms are made by forming 
microencapsule matrices of the drug in biodegradable poly 
merS Such as polylactide-polyglycolide. Depending upon the 
ratio of drug to polymer and the nature of the particular 
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polymer employed, the rate of drug release can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides). Depot injectable formu 
lations are also prepared by entrapping the drug in liposomes 
or microemulsions which are compatible with body tissues. 
0341 The injectable formulations can be sterilized, for 
example, by filtration through a bacterial-retaining filter or by 
incorporating sterilizing agents in the form of sterile solid 
compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium just prior to use. 
0342 Solid dosage forms for oral administration include 
capsules, tablets, pills, powders and granules. In Such solid 
dosage forms, the active compound can be mixed with at least 
one inert, pharmaceutically acceptable excipient or carrier, 
Such as Sodium citrate or dicalcium phosphate and/ora) fillers 
or extenders such as starches, lactose, Sucrose, glucose, man 
nitol and silicic acid; b) binders such as carboxymethylcellu 
lose, alginates, gelatin, polyvinylpyrrolidone. Sucrose and 
acacia; c) humectants such as glycerol; d) disintegrating 
agents Such as agar-agar, calcium carbonate, potato or tapioca 
starch, alginic acid, certain silicates and sodium carbonate; e) 
Solution retarding agents such as paraffin: f) absorption accel 
erators such as quaternary ammonium compounds; g) wetting 
agents such as cetyl alcohol and glycerol monostearate; h) 
absorbents such as kaolin and bentonite clay and i) lubricants 
Such as talc, calcium Stearate, magnesium Stearate, Solid poly 
ethylene glycols, sodium lauryl Sulfate and mixtures thereof. 
In the case of capsules, tablets and pills, the dosage form can 
also comprise buffering agents. 
0343 Solid compositions of a similar type can also be 
employed as fillers in Soft and hard-filled gelatin capsules 
using Such carriers as lactose or milk Sugar as well as high 
molecular weight polyethylene glycols and the like. 
0344) The solid dosage forms of tablets, dragees, capsules, 
pills and granules can be prepared with coatings and shells 
Such as enteric coatings and other coatings well-known in the 
pharmaceutical formulating art. They can optionally contain 
opacifying agents and can also be of a composition such that 
they release the active ingredient(s) only, or preferentially, in 
a certain part of the intestinal tract, optionally, in a delayed 
manner. Examples of embedding compositions which can be 
used include polymeric Substances and waxes. 
0345 The active compounds can also be in micro-encap 
sulated form, if appropriate, with one or more of the above 
mentioned carriers. 
0346 Liquid dosage forms for oral administration include 
pharmaceutically acceptable emulsions, Solutions, Suspen 
sions, syrups and elixirs. In addition to the active compounds, 
the liquid dosage forms can contain inert diluents commonly 
used in the art Such as, for example, water or other solvents, 
solubilizing agents and emulsifiers such as ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alco 
hol, benzyl benzoate, propylene glycol. 1,3-butylene glycol, 
dimethyl formamide, oils (in particular, cottonseed, ground 
nut, corn, germ, olive, castor and sesame oils), glycerol, tet 
rahydrofurfuryl alcohol, polyethylene glycols and fatty acid 
esters of sorbitan and mixtures thereof. 
0347 Besides inert diluents, the oral compositions can 
also include adjuvants such as wetting agents, emulsifying 
and Suspending agents, Sweetening, flavoring and perfuming 
agents. 
0348 Suspensions, in addition to the active compounds, 
can contain Suspending agents as, for example, ethoxylated 
isostearyl alcohols, polyoxyethylene Sorbitol and Sorbitan 
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esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar, tragacanth and mixtures thereof 
0349 Compositions for rectal or vaginal administration 
are preferably Suppositories which can be prepared by mixing 
the compounds with Suitable non-irritating carriers or carriers 
Such as cocoa butter, polyethylene glycol or a Suppository 
wax which are solid at room temperature but liquid at body 
temperature and therefore melt in the rectum or vaginal cavity 
and release the active compound. 
0350. The compounds can also be administered in the 
form of liposomes. AS is known in the art, liposomes are 
generally derived from phospholipids or other lipid sub 
stances. Liposomes are formed by mono- or multi-lamellar 
hydrated liquid crystals which are dispersed in an aqueous 
medium. Any non-toxic, physiologically acceptable and 
metabolizable lipid capable of forming liposomes can be 
used. The present compositions in liposome form can con 
tain, in addition to compounds described herein, stabilizers, 
preservatives, excipients and the like. The preferred lipids are 
natural and synthetic phospholipids and phosphatidyl cho 
lines (lecithins) used separately or together. 
0351 Methods to form liposomes are known in the art. 
See, for example, Prescott, Ed., Methods in Cell Biology, 
Volume XIV, Academic Press, New York, N.Y. (1976), p. 33 
et Seq. 
0352. Dosage forms for topical administration of com 
pounds described herein include powders, sprays, ointments 
and inhalants. The active compounds can be mixed under 
sterile conditions with a pharmaceutically acceptable carrier 
and any needed preservatives, buffers or propellants which 
can be required. Opthalmic formulations, eye ointments, 
powders and solutions are also contemplated as being within 
the scope. 
0353. The compounds can be used in the form of pharma 
ceutically acceptable salts derived from inorganic or organic 
acids. The phrase “pharmaceutically acceptable salt' means 
those salts which are, within the scope of Sound medical 
judgment, Suitable for use in contact with the tissues of 
humans and lower animals without undue toxicity, irritation, 
allergic response and the like and are commensurate with a 
reasonable benefit/risk ratio. 
0354 Pharmaceutically acceptable salts are well known in 
the art. For example, S. M. Berge et al. describe pharmaceu 
tically acceptable salts in detail in (J. Pharmaceutical Sci 
ences, 1977, 66: 1 et seq.). The salts can be prepared in situ 
during the final isolation and purification of the compounds or 
separately by reacting a free base function with a Suitable 
organic acid. Representative acid addition salts include, but 
are not limited to acetate, adipate, alginate, citrate, aspartate, 
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, 
camphorsulfonate, digluconate, glycerophosphate, hemisul 
fate, heptanoate, hexanoate, fumarate, hydrochloride, hydro 
bromide, hydroiodide, 2-hydroxyethansulfonate (isothion 
ate), lactate, malate, maleate, methanesulfonate, nicotinate, 
2-naphthalenesulfonate, oxalate, palmitoate, pectinate, per 
Sulfate, 3-phenylpropionate, picrate, pivalate, propionate, 
Succinate, tartrate, thiocyanate, phosphate, glutamate, bicar 
bonate, p-toluenesulfonate and undecanoate. Also, the basic 
nitrogen-containing groups can be quaternized with Such 
agents as lower alkyl halides such as, but not limited to, 
methyl, ethyl, propyl, and butyl chlorides, bromides and 
iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl and 
diamyl Sulfates; long chainhalides Such as, but not limited to, 
decyl, lauryl, myristyl and Stearyl chlorides, bromides and 
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iodides: arylalkylhalides like benzyl and phenethyl bromides 
and others. Water or oil-soluble or dispersible products are 
thereby obtained. Examples of acids which can be employed 
to form pharmaceutically acceptable acid addition salts 
include such inorganic acids as hydrochloric acid, hydrobro 
mic acid, Sulfuric acid, and phosphoric acid and Such organic 
acids as acetic acid, fumaric acid, maleic acid, 4-methylben 
Zenesulfonic acid, Succinic acid and citric acid. 
0355 Basic addition salts can be prepared in situ during 
the final isolation and purification of compounds by reacting 
a carboxylic acid-containing moiety with a suitable base Such 
as, but not limited to, the hydroxide, carbonate orbicarbonate 
of a pharmaceutically acceptable metal cation or with ammo 
nia or an organic primary, secondary or tertiary amine. Phar 
maceutically acceptable salts include, but are not limited to, 
cations based on alkali metals oralkaline earth metals such as, 
but not limited to, lithium, Sodium, potassium, calcium, mag 
nesium and aluminum salts and the like and nontoxic quater 
nary ammonia and amine cations including ammonium, tet 
ramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, diethy 
lamine, ethylamine and the like. Other representative organic 
amines useful for the formation of base addition salts include 
ethylenediamine, ethanolamine, diethanolamine, piperidine, 
piperazine and the like. 
0356. The term “pharmaceutically acceptable prodrug or 
“prodrug as used herein, represents those prodrugs of the 
compounds which are, within the scope of Sound medical 
judgment, Suitable for use in contact with the tissues of 
humans and lower animals without undue toxicity, irritation, 
allergic response, and the like, commensurate with a reason 
able benefit/risk ratio, and effective for their intended use. 
0357 Contemplated also are compounds formed by syn 
thetic means or formed by in vivo biotransformation of a 
prodrug. 
0358 Compounds described herein can exist in unsol 
vated as well as Solvated forms, including hydrated forms, 
Such as hemi-hydrates. In general, the Solvated forms, with 
pharmaceutically acceptable solvents such as water and etha 
nol among others are equivalent to the unsolvated forms. 

f. General Synthesis 
0359 Encompassed herein are compounds prepared by 
synthetic processes or by metabolic processes. Preparation of 
the compounds by metabolic processes includes those occur 
ring in the human or animal body (in vivo) or processes 
occurring in vitro. 
0360 Compounds described herein can be prepared by a 
variety of processes well known for the preparation of com 
pounds of this class. For example, compounds described 
herein wherein the groups R', R,R,R,R,R,R,R, 
R. R. R. R', R'', R', R', R, Ring A, X', and X have the 
meanings as set forth in the Summary section unless other 
wise noted, can be prepared by general procedures such as, 
but not limited to, those outlined in Schemes 1-11. 
0361. As used in the descriptions of the schemes and the 
examples, certain abbreviations are intended to have the fol 
lowing meanings DAST for diethylaminosulfur trifluoride, 
DMAP for 4-(dimethylamino)pyridine, DME for dimethoxy 
ethane, DMSO for dimethyl sulfonamide, EtOAc for ethyl 
acetate, Et N for triethylamine, MeOH for methanol, dippf for 
1,1'-bis(diphenylphosphino) ferrocene, OMs or mesylate for 
methanesulfonate, t-Bu for tert-butoxide, THF for tetrahy 
drofuran, and OTs or tosylate for p-toluenesulfonate. 
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Scheme 1 
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0362 Compounds of formula (Ia) can be prepared accord 
ing to the 2-step method illustrated in Scheme 1. Amino 
compounds of formula (i) can be first reacted with com 
pounds of formula R. X', whereinX' is Cl, Br, I, OTs, 
or OMs, to form the intermediate (ii). This reaction can be 
performed either neat or in a solvent such as, but not limited 
to, tetrahydrofuran, dimethylformamide, dimethylsulfoxide, 
or dioxane, at about room temperature or up to 150° C., and 
optionally in the presence of a catalyst such as but not limited 
to tetrabutylammonium iodide, or Sodium iodide. In certain 
cases, it can be beneficial to conduct this reaction in the 
presence of a base Such as, but not limited to, triethylamine, 
potassium carbonate, potassium tert-butoxide, or sodium 
hydride. The intermediate (ii) can be converted to the product 
(Ia) by reaction with an acid chloride (RCOCl) or carboxylic 
acid (RCOH) under appropriate conditions. For example, 
intermediate (ii) can be reacted with R'COCl in a solvent 
such as, but not limited to, tetrahydrofuran, dimethylforma 
mide or dichloromethane at a temperature from about 25°C. 
to about 50° C. in the presence of a base such as, but not 
limited to, triethylamine, diisopropylethylamine or potas 
sium carbonate, and optionally in the presence of a catalyst 
Such as 4-dimethylaminopyridine. Alternatively, intermedi 
ate (ii) can be reacted with R'COH in a solvent such as, but 
not limited to, tetrahydrofuran or dimethylformamide in the 
presence of a coupling reagent Such as 1,1'-carbonyldiimida 
Zole (CDI), bis(2-oxo-3-oxazolidinyl)phosphinic chloride 
(BOPCl), 1,3-dicyclohexylcarbodiimide (DCC), polymer 
supported 1,3-dicyclohexylcarbodiimide (PS-DCC), O-(7- 
aZabenzotriazol-1-yl)-N.N.N',N'-tetramethyluronium 
hexafluorophosphate (HATU), or O-benzotriazol-1-yl-N,N. 
N',N'-tetramethyluronium tetrafluoroborate (TBTU), in the 
presence or absence of a coupling auxiliary Such as, but not 
limited to, 1-hydroxy-7-azabenzotriazole (HOAT) or 1-hy 
droxybenzotriazole hydrate (HOBT). The reaction is gener 
ally conducted in the presence or absence of a base such as, 
but not limited to, N-methyl morpholine, triethylamine, or 
diisopropylethylamine. 
0363 Alternatively, compounds of formula (Ia) can be 
prepared according to the general procedures as outlined in 
Scheme 2. 
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Scheme 2 
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0364 Compounds of formula (i) can be converted to inter 
mediate (iii) by reaction with R'COCl or R'CO.H using 
reaction conditions as described in Scheme 1. The interme 

diate (iii) can be converted to (Ia) by reaction with R' X', 
wherein X" is Cl, Br, I, OTs, or OMs, using reaction con 
ditions as described in Scheme 1 for the transformation of (i) 
to (ii). 
0365 Similarly, compounds of general formula (I) 
wherein Ring. A represents formula (b) or (c) can be prepared 
from the appropriate heteroarylamines using general proce 
dures as illustrated in Scheme 1 or 2. 

0366 Heteroarylamines used to prepare compounds of 
formula (I) can be obtained from commercial Sources or can 
be prepared using methods well-known to those skilled in the 
art. For example, heteroarylamines of formula (i) whereinX' 
is Sulfur can be prepared using general procedures as illus 
trated in Scheme 3. 

Scheme 3 
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0367 Carboxylic acids of formula (iv) can be treated with 
thiosemicarbazide and phosphorus oxychloride at a tempera 
ture of about 90° C., in a solvent such as, but not limited to, 
dioxane to provide compounds of formula (V). 
0368 Compounds of general formula (I) wherein R' is 
N(R')(R) can be prepared, for example, as illustrated in 

Scheme 4. 

-- 
OCN 

(vii) 
(vi) 
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-continued 

(viii) 

0369 Reaction of compounds of formula (vi) with isocy 
anates of formula (vii) in a solvent Such as, but not limited to, 
dichloromethane, toluene, dioxane, or dimethylformamide, 
at a temperature from about 25°C. to about 150° C. provides 
compounds of formula (viii) wherein R' is hydrogen. Alter 
natively, treatment of compounds of formula (vii) with car 
bamylchlorides of formula CICONR'R' in a solvent such as, 
but not limited to, dichloromethane, toluene, dioxane, or dim 
ethylformamide, at a temperature from about 25°C. to about 
150° C. provides compounds of formula (viii) wherein R' is 
other than hydrogen. 
0370 Alternatively, compounds of formula (viii) can be 
prepared using general procedures as shown in Scheme 5. 

NH -> 

(vi) 
NO 

O O 
(ix) 

O 

ls R2 
FN N1 

s 
(viii) 

0371 Reaction of compounds of formula (vi) with 4-ni 
trophenylcarbonochloridate in a solvent such as, but not lim 
ited to, tetrahydrofuran in the presence of a base Such as, but 
not limited to, diisopropylethylamine, at about room tem 
perature provides the intermediate (ix). The intermediate (ix) 
can be converted to (viii) by reaction with amines of formula 
HNR'R' in a solvent such as, but not limited to, tetrahydro 
furan or dimethylformamide, attemperatures from about 25° 
C. to about 150° C. 

0372 Many other methods for the preparation of ureas are 
known in the art and can be found, for example, in the fol 
lowing references: Chem. Rev., 1972, 72, 457-496; J. Org. 
Chem., 1994, 59, 1937-38: Synthesis, 1996, 553-76; Angew. 
Chem. Int. Ed. Engl., 1987,26,894-95; J. Org. Chem., 2003, 
68, 7289-97: J. Org. Chem., 1997, 62, 4155-58; Tet. Lett. 
1995, 36, 2583-86; Tet. Lett., 1994, 35, 4055-58; Tet. Lett. 
1997, 38,5335-38; Angew. Chem. Int. Ed. Engl., 1995, 34, 
2497-2500; Synlett., 1996, 507-08: Synlett., 1996, 502-03; 
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Tet. Lett., 1983, 24, 4569-72: Synthesis, 1989, 423-425; J. 
Org. Chem., 1996, 61,4175-79; Tet. Lett., 1998, 39,7811-14: 
J. Org. Chem., 1998, 63,4802-07: and J. Comb. Chem., 1999, 
1, 163-172. 
0373) Compounds of general formula (I) wherein X is 
N(R') can be synthesized, for example, using the general 
procedures as outlined in Scheme 6. 

Scheme 6 
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0374 Hydrazines of formula (xi) can be reacted with keto 
nitriles (X) in a solvent such as, but not limited to, ethanol, at 
a temperature of between about 0° C. to about 80° C., to 
provide intermediates of formula (xii). These intermediate 
aminopyrazoles (xii) can be treated with carboxylic acids of 
formula RCOOH, acid chlorides of formula R'COCl, or 
isocyanates of formula R'NCO according to the methods 
outlined in Schemes 1, 2, and 4 to provide pyrazoles (xiii). 
(xiii) can be converted to (xiv) by reaction with an appropriate 
alkylating agent such as, but not limited to, a halide, mesylate, 
tosylate, sulfate, or diphenylmethylsulfonium tetrafluorobo 
rate either neat or in a solvent such as but not limited to 
tetrahydrofuran, toluene, acetonitrile, or dioxane. This reac 
tion can be conducted from about 0°C. to about 150° C. In 
certain cases the addition of a base can be beneficial. 
Examples of bases that can be used include triethylamine, 
diisopropylethylamine, potassium carbonate, sodium 
hydride, Sodium hydroxide and lithium diisopropylamide. 
0375 Scheme 7 outlines general procedure for synthesiz 
ing compounds of general formula (Id). 
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0376 Compounds of formula (XV) when treated with com 
pounds of formula (Xvi), in the presence of potassium car 
bonate or sodium carbonate and in a solvent Such as, but not 
limited to, methyl ethyl ketone, at a temperature from about 
25° C. to about 100° C. provides intermediates of formula 
(xvii). Intermediates of formula (xvii) can be converted to 
compounds of formula (Id) by reaction with R'COCl or 
RCO Husing reaction conditions as described in Scheme 1. 
0377 Compounds of formula (xvi) can be obtained from 
reaction of amines of formula R'NH, with cyanogen bro 
mide in the presence of sodium carbonate or potassium car 
bonate in a solvent Such as, but not limited to, ether, and at a 
temperature from about -25°C. to about 0°C. 
0378. Alternative method of synthesis for compounds of 
formula (xiv) is shown in Scheme 8. 

Scheme 8 
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0379 Compounds of formula (xix) (prepared from (xii) by 
reaction with trifluoroacetic anhydride in solvents such as, 
but not limited to, dichloromethane and in the presence of a 
base such as, but not limited to, pyridine, or triethylamine) 
can be converted to compounds of formula (XX) using the 
alkylation conditions of Scheme 6 for the conversion of (xiii) 
to (xiv). Compounds of formula (XX) can be converted to (xxi) 
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by reaction with aqueous potassium or sodium hydroxide 
with methanol or ethanol as a co-solvent attemperatures from 
about room temperature to about 70° C. Compounds (xxi), in 
turn, can be treated with carboxylic acids of formula 
RCOOH or acid chlorides of formula R'COCl according to 
the methods outlined in Scheme 1 to give compounds of 
formula (xiv). 
0380 Compounds of formula (xii) can also be prepared 
using the methods shown in Scheme 9. 

Scheme 9 
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0381 Aminopyrazoles (xxii) can be converted to the ami 
dine intermediates (xxiii) by refluxing in dimethylformamide 
dimethylacetal or refluxing with a 2- to 3-fold excess of 
dimethylformamide dimethylacetal in dioxane or other apro 
tic solvent. Compounds (XXiii), in turn, can be alkylated with 
reagents R* X' wherein X'? is Cl, Br, I, OTs, or OMs 
under phase transfer conditions such as, but not limited to, 
conducting the reaction in a toluenefwater mixture with a 
phase transfer reagent like tetrabutylammonium hydrogen 
Sulfate or tetrabutylammonium iodide at a temperature from 
about 50° C. to about 110°C., with potassium carbonate as a 
base to provide the intermediates (xxiv). The intermediates 
(xxiv) can be converted to the intermediates (xii) by reaction 
with hydrazine hydrate and in the presence of acetic acid in a 
Solvent such as, but not limited to, dioxane at temperatures 
from about 50° C. to about 100°C. The foregoing sequence to 
install the R group can also be accomplished by first placing 
a triphenylmethyl (trityl) group on the exocyclic nitrogen of 
(xxii) instead of the amidine, followed by alkylation. Typical 
conditions for effecting the analogous alkylation in the pres 
ence of a trityl group include, but are not limited to, reaction 
with an alkylating agent R’ X' in the presence of a base 
Such as sodium hydride or potassium tert-butoxide in a sol 
vent such as dimethylformamide or tetrahydrofuran. The tri 
tyl protecting group can be removed using methods well 
known to those skilled in the art Such as, for example, 
treatment of the compound with an acid such as, but not 
limited to, hydrochloric acid. 
(0382 Certain compounds wherein G' is phenyl and said 
phenyl is substituted with the group —OR can be prepared 
using the methods described in Scheme 10. 
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0383 Compounds of formula (xxvi), wherein the ring A is 
as defined in formula (I), T represents the optional substitu 
ents of G' as defined informula (I), and Z is 0,1,2,3, or 4, can 
be prepared from compounds of formula (XXV) by reaction 
with an alcohol HOR in the presence of a base such as, but 
not limited to, potassium tert-butoxide or sodium tert-butox 
ide in a solvent such as, but not limited to, tetrahydrofuran or 
dimethylformamide attemperatures between about 0°C. and 
about 50° C. In certain instances, a protecting group can be 
attached to a functional group present in R. Such protecting 
groups can be removed using methods well-known to those 
skilled in the art. The group R can also be further transformed 
to provide other compounds of the invention using standard 
chemical techniques well-known to those skilled in the art 
Such as alkylation, acylation, Sulfonylation, oxidation fol 
lowed by reductive amination and the like. 
(0384 Certain compounds wherein G' is phenyl and said 
phenyl is substituted with a group R", wherein R is 
attached to said phenyl through a carbon atom of R', can be 
prepared according to the carbon-carbon bond forming reac 
tions described in Scheme 11. 

Scheme 11 
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0385 Compounds of formula (xxviii), whereinring A is as 
described in formula (I), T is an optional substituent of G' as 
defined in formula (I), Z is 0, 1, 2, 3, or 4, and R is selected 
from the group consisting of alkyl, alkenyl, alkynyl, alkoxy 
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alkenyl, hydroxyalkenyl, haloalkyl, -(CRR') CN, 
(CRR), OR, -(CRR), OC(O)R, -(CRR), 

SR, -(CRR), S(O)R’, (CRR), S(O).R. (CR 
f 8 3. f 3. 8 f SSSI. "E"S2), g 2-Y 3 g s 

(CRR), N(Rs)S(O)N(R)(Rs), (CRR), C(O)R’, 
-(CR'R'), C(O)O(R), -(CR'R'), C(O)N(R)(Rs), 
and —C(R")—N—OR", can be prepared from compounds 
of formula (xxvii). Reactions well-known in the chemical 
literature for effecting these transformations include the 
Suzuki, Heck, Stille, Sonogashira, and Negishi reactions. 
Typical reaction conditions for can be found in the following 
references: Negishi, E. A. Handbook of Organopalladium 
Chemistry for Organic Synthesis; Wiley-Interscience: New 
York, 2002; Miyaura, N. Cross-Coupling Reactions: A Prac 
tical Guide; Springer: New York, 2002. More specifically, 
where R' is alkoxyalkenyl or alkenyl, compounds can be 
prepared using palladium tetrakistriphenylphosphine as cata 
lyst, cesium fluoride as base with the corresponding boronic 
acid or boronic ester under microwave conditions attempera 
tures from about 100° C. to about 140°C. In the conversion of 
(xxvii) to (xxviii), the —Br of (XXvii) can also be a triflate, 
—I, —Cl, a boronic acid (or derivative), Stannyl or the like. 
(0386 Compounds of formula (Ib) wherein X is O and 
compounds of formula (Ic) can be prepared respectively from 
isoxazole-3-amines and pyridine-2-amines using synthetic 
methods that are analogous to those in Schemes 1, 2, 4, and 5. 
The starting isoxazole-3-amines and pyridine-2-amines are 
either commercially available or can be prepared by known 
synthetic methods described in the chemical literature. 
0387. It can be appreciated that the synthetic schemes and 
specific examples as illustrated in the Examples section are 
illustrative and are not to be read as limiting the scope as it is 
defined in the appended claims. All alternatives, modifica 
tions, and equivalents of the synthetic methods and specific 
examples are included within the scope of the claims. 
0388 Optimum reaction conditions and reaction times for 
each individual step can vary depending on the particular 
reactants employed and Substituents present in the reactants 
used. 
0389. Unless otherwise specified, solvents, temperatures 
and other reaction conditions can be readily selected by one of 
ordinary skill in the art. Specific procedures are provided in 
the Examples section. Reactions can be worked up in the 
conventional manner, e.g. by eliminating the Solvent from the 
residue and further purified according to methodologies gen 
erally known in the art such as, but not limited to, crystalli 
Zation, distillation, extraction, trituration and chromatogra 
phy. Unless otherwise described, the starting materials and 
reagents are either commercially available or can be prepared 
by one skilled in the art from commercially available mate 
rials using methods described in the chemical literature. 
0390 The skilled artisan can also appreciate that not all of 
the substituents in the compounds of formula (I) can tolerate 
certain reaction conditions employed to synthesize the com 
pounds. Routine experimentations, including appropriate 
manipulation of the reaction conditions, reagents and 
sequence of the synthetic route, protection of any chemical 
functionality that can not be compatible with the reaction 
conditions, and deprotectionata suitable point in the reaction 
sequence of the method, followed by further transformation 
of the molecules using standard chemical techniques well 
known to those skilled in the art Such as alkylation, acylation, 
reductive amination, Sulfonylation, oxidation, reduction and 
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the like, are included within the scope. Suitable protecting 
groups and the methods for protecting and deprotecting dif 
ferent Substituents using Such suitable protecting groups are 
well known to those skilled in the art; examples of which can 
be found in T. Greene and P. Wuts, Protecting Groups in 
Organic Synthesis (3' ed.), John Wiley & Sons, NY (1999), 
which is incorporated herein by reference in its entirety. 
0391) Furthermore, the skilled artisan can appreciate that 
in many circumstances, the order in which moieties are intro 
duced can not be critical. The particular order of steps 
required to produce the compounds of formula (I) is depen 
dent upon the particular compounds being synthesized, the 
starting compound, and the relative lability of the substituted 
moieties. 
0392 Thus, synthesis of the present compounds can be 
accomplished by methods analogous to those described in the 
synthetic schemes described hereinabove and in specific 
examples, and routine experimentations, including appropri 
ate manipulation of the reaction conditions, reagents and 
sequence of the synthetic route are within the scope. 
0393 Starting materials, if not commercially available, 
can be prepared by procedures selected from standard organic 
chemical techniques, techniques that are analogous to the 
synthesis of known, structurally similar compounds, or tech 
niques that are analogous to the above described schemes or 
the procedures described in the synthetic examples section. 
0394. When an optically active form of a compound is 
required, it can be obtained by carrying out one of the proce 
dures described herein using an optically active starting mate 
rial (prepared, for example, by asymmetric induction of a 
suitable reaction step), or by resolution of a mixture of the 
Stereoisomers of the compound or intermediates using a stan 
dard procedure (such as chromatographic separation, recrys 
tallization or enzymatic resolution). 
0395. Similarly, when a pure geometric isomer of a com 
pound is required, it can be obtained by carrying out one of the 
above procedures using a pure geometric isomeras a starting 
material, or by resolution of a mixture of the geometric iso 
mers of the compound or intermediates using a standard 
procedure Such as chromatographic separation. 
0396 Following Examples can be used for illustrative pur 
poses and should not be deemed to narrow the scope. 

g. Examples 
Example 1 

5-chloro-2-methoxy-N-(2Z)-3-(2R)-tetrahydrofu 
ran-2-ylmethyl-5-1-(trifluoromethyl)cyclopropyl 

1,3,4-thiadiazol-2(3H)-ylidenebenzamide 

Example 1A 

5-1-(trifluoromethyl)cyclopropyl-1,3,4-thiadiazol 
2-amine 

0397. A mixture of 1-(trifluoromethyl)cyclopropanecar 
boxylic acid (1 g, 6.5 mmol) and thiosemicarbazide (0.6 g. 6.5 
mmol) in dioxane (8 mL) was heated to 90° C. To the hot 
reaction mixture was added phosphorus oxychloride (0.6 mL. 
6.5 mmol). The reaction mixture was stirred at 90° C. for 16 
h. The reaction mixture was then cooled, diluted with ethyl 
acetate (10 mL) and quenched with saturated NaHCO (10 
mL). The aqueous layer was extracted with ethyl acetate 
(2x10 mL). The combined organic extracts were washed with 
water (15 mL), dried (NaSO), filtered and concentrated. 
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The residue was triturated in hot hexanes to afford 0.5 g. 
(37%) of the title compound. LC/MS (ESI) m/z 210 
(M+H)". 

Example 1B 
(2R)-tetrahydrofuran-2-ylmethyl 4-methylbenzene 

sulfonate 

0398. The title compound was prepared from commer 
cially available (R)-(tetrahydrofuran-2-yl) methanol (Fluka) 
according to the procedure as described in Ebata, T.; 
Kawakami, H.; Koseki, K., Matsushita, H. Agricultural and 
Biological Chemistry, 1991, 55(6), 1685-6. MS (ESI) m/z 
257 (M+H)". 

Example 1C 
3-(2R)-tetrahydrofuran-2-ylmethyl-5-1-(trifluo 

romethyl)cyclopropyl-1,3,4-thiadiazol-2(3H)-imine 
0399. A mixture of Example 1A (0.15 g, 0.7 mmol), 
Example 1B (0.20 g, 0.8 mmol) and tetrabutylammonium 
iodide (0.13 g, 0.36 mmol) in N,N-dimethylformamide (0.2 
mL) was heated at 95°C. for 16 hr, cooled to room tempera 
ture and quenched with 1M NaHCO (10 mL). The aqueous 
layer was extracted with dichloromethane (3x10 mL). The 
combined organic extracts were dried (NaSO), filtered and 
concentrated to afford 0.2 g (crude) of the title compound. 
LC/MS (ESI) m/z 294 (M+H)". 

Example 1D 
5-chloro-2-methoxy-N-(2Z)-3-(2R)-tetrahydrofu 
ran-2-ylmethyl-5-1-(trifluoromethyl)cyclopropyl 

1,3,4-thiadiazol-2(3H)-ylidenebenzamide 
0400. To a solution of Example 1 C (crude, 0.2 g, 0.7 
mmol) in tetrahydrofuran (10 mL) was added triethylamine 
(0.3 mL), 4-dimethylaminopyridine (2 mg) and the product 
from step A of Example 11C (0.15g, 0.7 mmol). The reaction 
mixture was stirred at room temperature overnight, diluted 
with ethyl acetate (10 mL), washed with 1M NaHCO (10 
mL), and the layers were separated. The aqueous layer was 
extracted with ethyl acetate (2x10 mL). The combined 
organic extracts were dried (Na2SO), filtered and concen 
trated. The residue was purified by column chromatography 
using an Analogix R, Intelliflash280 TM (SiO, 0-100% ethyl 
acetate in hexanes) to afford 16 mg (5%) of the title com 
pound. 'H NMR (300 MHz, DMSO-d) 8 ppm 1.53-1.59 (m, 
2H), 1.59-1.64 (m, 2H), 1.67-1.79 (m, 1H), 1.79-191 (m, 
2H), 1.91-2.04 (m. 1H), 3.59-3.70 (m, 1H), 3.71-3.79 (m, 
1H), 3.81 (s.3H), 4.21-4.42 (m, 2H), 4.45-4.57 (m. 1H), 7.16 
(d. J=8.7 Hz, 1H), 7.53 (dd, J=9.1, 2.8 Hz, 1H), 7.79 (d. J=2.8 
HZ, 1H); MS (ESI) m/z 462 (M+H)". 

Example 2 
5-chloro-N-(2Z)-5-cyclopropyl-3-(tetrahydrofuran 
2-ylmethyl)-1,3,4-thiadiazol-2(3H)-ylidene-2-meth 

oxybenzamide 
Example 2A 

5-cyclopropyl-3-(tetrahydrofuran-2-ylmethyl)-1,3,4- 
thiadiazol-2(3H)-imine 

04.01 5-cyclopropyl-1,3,4-thiadiazol-2-amine (ASD) and 
2-(bromomethyl)tetrahydrofuran (Acros) were processed 
using the method described in Example 1C to afford the title 
compound. 
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Example 2B 
5-chloro-N-(2Z)-5-cyclopropyl-3-(tetrahydrofuran 
2-ylmethyl)-1,3,4-thiadiazol-2(3H)-ylidene-2-meth 

oxybenzamide 

0402. A mixture of the compound from Example 2A (70 
mg, 0.31 mmol), 5-chloro-2-methoxy-benzoic acid (64 mg. 
0.34 mmol), O-(7-azabenzotriazol-1-yl)-N.N.N',N'-tetram 
ethyluronium hexafluorophosphate (HATU) (185 mg, 0.46 
mmol) and triethylamine (130L, 0.93 mmol) in N,N-dimeth 
ylformamide (5 mL) was stirred at room temperature for 12 
hour. The mixture was diluted with water, and extracted with 
ethyl acetate (3x30 mL). The combined organic layers were 
dried over MgSO, filtered and concentrated under reduced 
pressure. The residue was purified by flash chromatography 
(silica gel, eluting with ethyl acetate/hexanes 2:3) to provide 
the title compound. "H NMR (300 MHz, DMSO-d) 8 ppm 
0.95-1.01 (m,2H) 1.14-1.21 (m, 2H) 1.67-1.78 (m. 1H) 1.79 
1.93 (m, 2H) 1.91-2.00 (m, 1H) 2.30-2.39 (m, 1H)3.65 (dd. 
J=13.81, 7.06 Hz, 1H)3.77 (dd, J=13.50, 6.75 Hz, 1H)3.80 
(s, 3H)4.21 (dd, J=13.20, 4.60 Hz, 1H) 4.31-4.38 (m. 1H) 
4.43 (dd, J=12.89, 7.36 Hz, 1H) 7.13 (d. J=8.90 Hz, 1H) 7.49 
(dd, J=8.90, 2.76 Hz, 1H) 7.73 (d. J=2.76 Hz, 1H); MS (ESI) 
m/z 394 (M+H)". 

Example 3 
N-(2Z)-5-cyclopropyl-3-(tetrahydrofuran-2-ylm 

ethyl)-1,3,4-thiadiazol-2(3H)-ylidene-2-ethoxyben 
Zamide 

0403. The product from Example 2A and 2-ethoxyben 
Zoic acid (Aldrich) were processed using the method 
described in Example 2B to afford the title compound. H 
NMR (300 MHz, DMSO-d) 8 ppm 0.95-1.02 (m, 2H) 1.13 
1.19 (m, 2H) 1.32 (t, J=7.02 Hz, 3H) 1.65-1.73 (m, 1H) 
1.79-190 (m, 2H) 1.92-2.00 (m. 1H) 2.30-2.37 (m, 1H)3.64 
(dd, J=13.73, 7.63 Hz, 1H)3.77 (dd, J=14.34, 7.32 Hz, 1H) 
4.07 (q, J=7.02 Hz, 2H) 4.21 (dd, J=13.12, 4.58 Hz, 1H) 
4.32-4.39 (m, 1H)4.44 (dd, J=13.43, 7.63 Hz, 1H) 6.98 (td, 
J=7.63, 0.92 Hz, 1H) 7.08 (d. J=7.93 Hz, 1H) 7.40-7.45 (m, 
1H) 7.77 (dd, J=7.63, 1.83 Hz, 1H); MS (ESI) m/z. 374 
(M+H). 

Example 4 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-5-chloro-2- 

methoxybenzamide 

Example 4A 
N-(5-tert-butyl-1,3,4-thiadiazol-2-yl)-5-chloro-2- 

methoxybenzamide 

04.04 To a solution of 2-amino-5-tert-butyl-1,3,4-thiadia 
Zole (Aldrich) (2.5g, 16.3 mmol) in tetrahydrofuran (30 mL) 
were added 5-chloro-2-methoxybenzoic acid (Aldrich) (3.65 
g, 19.6 mmol), triethylamine (5.5 mL, 39.5 mmol), and 1-pro 
panephosphonic acid cyclic anhydride 50% solution in ethyl 
acetate (Aldrich) (11.6 mL, 19.6 mmol). The reaction mixture 
was stirred at about room temperature for 14 hours, cooled 
with external ice bath while quenching with Saturated aque 
ous NaHCO (20 mL). The aqueous layer was extracted with 
ethyl acetate (2x40 mL). The combined organic extracts were 
dried over anhydrous NaSO filtered and concentrated 
under reduced pressure. The residue was purified by column 
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chromatography using an Analogix(R) Intelliflash280TM 
(SiO2, 0-100% ethyl acetate in hexanes) to afford 4.65 g of the 
title compound. "H NMR (300 MHz, DMSO-d) 8 ppm 1.43 
(s, 9H), 3.88 (s, 3H), 7.22 (d. J=8.7 Hz, 1H), 7.55-7.64 (m, 
2H), 12.41 (s, 1H); MS (ESI) m/z 326 (M+H)". 

Example 4B 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-5-chloro-2- 

methoxybenzamide 

04.05 To a solution of Example 4A (200 mg, 0.62 mmol) 
in N,N-dimethylformamide/tetrahydrofuran (1:4, 10 mL) 
were added a solution of potassium tert-butoxide (Aldrich, 
103 mg, 0.92 mmol) and Example 1B (189 mg 0.74 mmol). 
The reaction mixture was stirred at 80°C. for 16 h, cooled to 
room temperature, quenched with Saturated aqueous 
NaHCO (10 mL). The aqueous layer was extracted with 
ethyl acetate (3x10 mL). The combined organic extracts were 
dried over anhydrous NaSO filtered and concentrated 
under reduced pressure. The residue was purified by column 
chromatography using an Analogix(R) Intelliflash280TM 
(SiO2, 0-1% methanol in dichloromethane) to afford the title 
compound. "H NMR (300 MHz, DMSO-d) 8 ppm 1.39 (s. 
9H), 1.69-2.04 (m, 4H), 3.60-3.70 (m. 1H), 3.73-3.79 (m, 
1H), 3.80 (s.3H), 4.24 (dd, J–4.7, 15.0 Hz, 1H), 4.31-4.42 (m, 
1H), 4.49 (dd, J=15.0, 7.5 Hz, 1H), 7.14 (d. J=8.8 Hz, 1H), 
7.50 (dd, J=8.8, 2.7 Hz, 1H), 7.73 (d. J=3.1 Hz, 1H); MS 
(ESI) m/z 410 (M+H)". 

Example 5 
5-chloro-2-methoxy-N-(2Z)-5-(1-methylcyclopro 
pyl)-3-(2R)-tetrahydrofuran-2-ylmethyl-1,3,4-thia 

diazol-2(3H)-ylidenebenzamide 
Example 5A 

5-(1-methylcyclopropyl)-1,3,4-thiadiazol-2-amine 
0406 Commercially available, 1-methyl-cyclopropane-1- 
carboxylic acid (Aldrich), thiosemicarbazide (Aldrich) and 
phosphorus oxychloride (Aldrich) were processed as 
described for Example 1A to obtain the title compound. "H 
NMR (300 MHz, DMSO-d) 8 ppm 0.84-0.93 (m, 2H), 0.93 
1.03 (m, 2H), 1.41 (s.3H), 6.94 (s. 2H); MS (ESI) m/z 156 
(M+H)". 

Example 5B 
5-chloro-2-methoxy-N-5-(1-methylcyclopropyl)-1, 

3,4-thiadiazol-2-ylbenzamide 
04.07 Example 5A and 5-chloro-2-methoxybenzoic acid 
(Aldrich) were processed as described for Example 4A to 
obtain the title compound. "H NMR (300 MHz, DMSO-d) & 
ppm 1.01-1.06 (m, 2H), 1.15-1.22 (m, 2H), 1.54 (s.3H), 3.87 
(s, 3H), 7.22 (d. J=8.8 Hz, 1H), 7.55-7.64 (m, 2H), 12.39 (s. 
1H); MS (ESI) m/z 324 (M+H)". 

Example 5C 
5-chloro-2-methoxy-N-(2Z)-5-(1-methylcyclopro 
pyl)-3-(2R)-tetrahydrofuran-2-ylmethyl-1,3,4-thia 

diazol-2(3H)-ylidenebenzamide 
04.08 Example 5B and Example 1B were processed as 
described for Example 4B to obtain the title compound. H 
NMR (300 MHz, DMSO-d) 8 ppm 1.03-1.10 (m, 2H), 1.12 
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1.19 (m, 2H), 1.50 (s.3H), 1.68-2.01 (m, 4H), 3.60-3.70 (m, 
1H), 3.72-3.78 (m, 1H), 3.80 (s.3H), 4.22(dd, J=12.9, 4.4 Hz, 
1H), 4.30-4.41 (m. 1H), 4.45 (dd, J=12.0, 7.5 Hz, 1H), 7.14 
(d. J=8.8 Hz, 1H), 7.50 (dd, J=9.0, 2.9 Hz, 1H), 7.74 (d. J=3.1 
HZ, 1H): MS (ESI) m/z 408 (M+H). 

Example 6 

5-chloro-N-(2Z)-5-(1,1-dimethylprop-2-ynyl)-3- 
(2R)-tetrahydrofuran-2-ylmethyl-1,3,4-thiadiazol-2 

(3H)-ylidene-2-methoxybenzamide 

Example 6A 

5-(1,1-dimethylprop-2-ynyl)-1,3,4-thiadiazol-2- 
amine 

04.09 Commercially available, 2,2-dimethylbut-3-ynoic 
acid (Betapharma), thiosemicarbazide (Aldrich) and phos 
phorus oxychloride (Aldrich) were processed as described for 
Example 1A to obtain the title compound. MS (ESI) m/z 168 
(M+H)". 

Example 6B 

5-chloro-N-5-(1,1-dimethylprop-2-ynyl)-1,3,4-thia 
diazol-2-yl)-2-methoxybenzamide 

0410. To a solution of Example 6A (0.46g, 2.8 mmol) in 
tetrahydrofuran (10 mL) was added the product from step A 
of Example 11C (0.62 g, 3.0 mmol), triethylamine (1.1 mL, 
8.2 mmol), and 4-dimethylaminopyridine (3 mg). The reac 
tion mixture was stirred at 60° C. for 14 h, cooled, and 
quenched with saturated aqueous NaHCO (20 mL). The 
aqueous layer was extracted with ethyl acetate (3x30 mL). 
The combined organic extracts were dried over anhydrous 
NaSO, filtered and concentrated under reduced pressure. 
The residue was purified by column chromatography using an 
Analogix R, Intelliflash280TM (SiO, 0-100% ethyl acetate in 
hexanes) to afford 0.85 g (44%) of the title compound. MS 
(ESI) m/z 336 (M+H)". 

Example 6C 

5-chloro-N-(2Z)-5-(1,1-dimethylprop-2-ynyl)-3- 
(2R)-tetrahydrofuran-2-ylmethyl-1,3,4-thiadiazol-2 

(3H)-ylidene-2-methoxybenzamide 

0411 To a solution of Example 6B (250 mg. 0.75 mmol) in 
N,N-dimethylformamide/tetrahydrofuran (1:4, 10 mL) was 
added a solution of potassium tert-butoxide (Aldrich, 125 mg. 
1.1 mmol) and Example 1B (285 mg, 1.1 mmol). The reaction 
mixture was stirred at 80° C. for 16 h, cooled to room tem 
perature, quenched with saturated aqueous NaHCO (10 
mL). The aqueous layer was extracted with ethyl acetate 
(3x10 mL). The combined organic extracts were dried over 
anhydrous NaSO, filtered and concentrated under reduced 
pressure. The residue was purified by column chromatogra 
phy using an Analogix(R) Intelliflash280TM (SiO2, 0-1% 
methanol in dichloromethane) to afford 90 mg (29%) of the 
title compound. "H NMR (300 MHz, DMSO-d) 8 ppm 1.65 
(s, 6H), 1.69-1.81 (m. 1H), 1.80-1.92 (m, 2H), 1.92-2.05 (m, 
1H), 3.57 (s, 1H), 3.59-3.72 (m, 1H), 3.72-3.79 (m, 1H), 3.81 
(s, 3H), 4.21-4.31 (m. 1H), 4.31-4.43 (m. 1H), 4.44-4.58 (m, 
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1H), 7.15 (d. J=9.1 Hz, 1H), 7.52 (dd, J=8.9, 3.0 Hz, 1H), 7.77 
(d. J=2.8 Hz, 1H); MS (ESI) m/z 420 (M+H). 

Example 7 

5-chloro-2-methoxy-N-(2Z)-5-(2,2,3,3-tetrafluoro 
1-methylcyclobutyl)-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene benzamide 

Example 7A 

5-(2,2,3,3-tetrafluoro-1-methylcyclobutyl)-1,3,4- 
thiadiazol-2-amine 

0412. A mixture of 2.2.3,3-tetrafluoro-1-methylcyclobu 
tanecarbonyl chloride (ABCR) (2 g, 9.78 mmol) and thi 
osemicarbazide (Aldrich) (0.891 g, 9.78 mmol) in 10 mL of 
dioxane was heated at 90° C. for 12 h. The solvent was 
evaporated under reduced pressure. The residue was dis 
solved in dichloromethane and washed with saturated 
NaHCO. The organic extract was dried over NaSO and 
concentrated. The residue was purified by flash chromatog 
raphy on SiO, (2% methanol in dichloromethane) to give the 
title compound. MS (ESI) m/z 242 (M+H)". 

Example 7B 

5-chloro-2-methoxy-N-5-(2,2,3,3-tetrafluoro-1- 
methylcyclobutyl)-1,3,4-thiadiazol-2-ylbenzamide 

0413 Example 7A and the product from step A of 
Example 11C were processed as described for Example 6B to 
obtain the title compound. LC/MS (ESI) m/z 410 (M+H)". 

Example 7C 

5-chloro-2-methoxy-N-(2Z)-5-(2,2,3,3-tetrafluoro 
1-methylcyclobutyl)-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene benzamide 

0414 Example 7B and Example 1B were processed as 
described for Example 6C to obtain the title compound. "H 
NMR (300 MHz, DMSO-d) 8 ppm 1.71 (s, 3H), 1.73-1.99 
(m, 4H), 2.91-3.15 (m, 1H), 3.38-3.59 (m, 1H), 3.61-3.71 (m, 
1H), 3.71-3.80 (m, 1H), 3.82 (s, 3H), 4.26-4.45 (m, 2H), 
4.48-4.64 (m, 1H), 7.17 (d. J=8.8 Hz, 1H), 7.53 (dd, J=9.0, 2.9 
HZ, 1H), 7.80 (d. J=3.4 Hz, 1H); MS (ESI) m/z 494 (M+H)". 

Example 8 

5-chloro-2-methoxy-N-(2Z)-3-(2R)-tetrahydro 
furan-2-ylmethyl-5-1-(trifluoromethyl)cyclobutyl 

1,3,4-thiadiazol-2(3H)-ylidenebenzamide 

Example 8A 

5-1-(trifluoromethyl)cyclobutyl-1,3,4-thiadiazol-2- 
amine 

0415 Commercially available, 1-(trifluoromethyl)cy 
clobutanecarboxylic acid (Oakwood), thiosemicarbazide 
(Aldrich) and phosphorus oxychloride (Aldrich) were pro 



US 2010/0249129 A1 

cessed as described for Example 1A to obtain the title com 
pound. MS (ESI) m/z 224 (M+H)". 

Example 8B 

3-(2R)-tetrahydrofuran-2-ylmethyl-5-1-(trifluo 
romethyl)cyclobutyl-1,3,4-thiadiazol-2(3H)-imine 

0416 Example 8A and Example 1B were processed as 
described for Example 1C to obtain the title compound. 
LC/MS (ESI) m/z 308 (M+H)". 

Example 8C 

5-chloro-2-methoxy-N-(2Z)-3-(2R)-tetrahydrofu 
ran-2-ylmethyl-5-1-ftrifluoromethyl)cyclobutyl-1, 

3,4-thiadiazol-2(3H)-ylidenebenzamide 

0417 Example 8B and the product from step A of 
Example 11C were processed as described for Example 1D to 
obtain the title compound. "H NMR (300 MHz, DMSO-d) & 
ppm 1.68-2.17 (m, 6H), 2.70 (t, J=8.1 Hz, 4H), 3.60-3.72 (m, 
1H), 3.73-3.80 (m, J=6.6, 6.6 Hz, 1H), 3.81 (s.3H), 4.27-4.48 
(m. 2H), 4.51-4.62 (m. 1H), 7.17 (d. J=8.8 Hz, 1H), 7.53 (dd. 
J=9.0, 2.9 Hz, 1H), 7.79 (d. J=2.7 Hz, 1H); MS (ESI) m/z 
476 (M+H)". 

Example 9 

5-chloro-2-methoxy-N-(2Z)-3-(2R)-tetrahydrofu 
ran-2-ylmethyl-5-(2.2.2-trifluoro-1,1-dimethyl 
ethyl)-1,3,4-thiadiazol-2(3H)-ylidene benzamide 

Example 9A 

5-(2.2.2-trifluoro-1,1-dimethylethyl)-1,3,4-thiadia 
Zol-2-amine 

0418 Commercially available, 3,3,3-trifluoro-2,2-dim 
ethylpropanoic acid (Matrix), thiosemicarbazide (Aldrich) 
and phosphorus oxychloride (Aldrich) were processed as 
described for Example 1A to obtain the title compound. MS 
(ESI) m/z 212 (M+H)". 

Example 9B 

3-(2R)-tetrahydrofuran-2-ylmethyl-5-(2.2.2-trif 
luoro-1,1-dimethylethyl)-1,3,4-thiadiazol-2(3H)- 

imine 

0419. Example 9A and Example 1B were processed as 
described for Example 1C to obtain the title compound. 
LC/MS (ESI) m/z 296 (M+H)". 

Example 9C 

5-chloro-2-methoxy-N-(2Z)-3-(2R)-tetrahydrofu 
ran-2-ylmethyl-5-(2.2.2-trifluoro-1,1-dimethyl 
ethyl)-1,3,4-thiadiazol-2(3H)-ylidene benzamide 

0420 Example 9B and the product from step A of 
Example 11C were processed as described for Example 1D to 
obtain the title compound. "H NMR (300 MHz, DMSO-d) & 
ppm 1.64 (s, 6H), 1.69-2.03 (m, 4H), 3.60-3.71 (m, 1H), 
3.71-3.79 (m, J-7.5, 7.5 Hz, 1H), 3.81 (s.3H), 4.23-4.43 (m, 
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2H), 4.56 (d. 1H), 7.16 (d. J=8.8 Hz, 1H), 7.53 (dd, J=8.8, 2.7 
HZ, 1H), 7.79 (d. J=2.7 Hz, 1H); MS (ESI) m/z 464 (M+H). 

Example 10 
5-chloro-2-methoxy-N-(2E)-5-methyl-1-(tetrahydro 
furan-2-ylmethyl)pyridin-2(1H)-ylidenebenzamide 

Example 10A 
5-methyl-1-(tetrahydrofuran-2-ylmethyl)pyridin-2 

(1H)-imine 
0421. To a 25 mL, round-bottomed flask containing a 
magnetic stir bar were added solid 5-methylpyridin-2-amine 
(1.08 g, 10.0 mmol) and liquid (+)-2-(bromomethyl)tetrahy 
drofuran (Acros) (2.46g, 15.0 mmol). A reflux condenser 
with N-inlet was attached and a heating mantle was applied. 
The mixture was heated to 60° C. and stirred overnight. The 
reaction mixture changed to a brown slurry while heating. 
After cooling to room temperature, ethyl acetate (20 mL) was 
added to precipitate the product. The tan solid was collected 
by vacuum filtration on a glass frit and dried under vacuum to 
give 2.68 g of the hydrobromide salt of the title compound. 
The crude product was used without further purification for 
the next step. 

Example 10B 
5-chloro-2-methoxy-N-(2E)-5-methyl-1-(tetrahydro 
furan-2-ylmethyl)pyridin-2(1H)-ylidenebenzamide 

0422 The product of Example 10A (273 mg, 1.00 mmol), 
solid 5-chloro-2-methoxybenzoic acid (224 mg, 1.20 mmol), 
and solid 2-(1H-benzod 1.2.3 triazol-1-yl)-1,1,3,3-tetram 
ethylisouronium tetrafluoroborate (TBTU) (385 mg, 1.20 
mmol) were added to a 20-mL scintillation vial. Anhydrous 
acetonitrile (8 mL) was added via syringe. Neat triethylamine 
(486 mg, 669 mL, 4.80 mmol) was added via syringe and the 
mixture was stirred at room temperature for 24 h. The sol 
vents/volatiles were removed by rotary evaporator. The crude 
product was dissolved in dichloromethane (10 mL) and 
washed with saturated NaHCO, solution (10 mL). The prod 
uct was purified by flash chromatography (silica gel, 30% 
ethyl acetate in hexanes) to give 37.9 mg (10%) of the title 
compound as a white powder. "H NMR (300 MHz, DMSO 
d) & 1.59-1.68 (m, 1H), 1.78-196 (m, 3H), 2.18 (s, 3H), 
3.61-3.68 (m. 1H), 3.75 (s.3H), 3.76-3.84 (m. 1H), 4.03 (dd. 
J=12.5, 8.1 Hz, 1H), 4.29-4.37 (m, 1H), 4.57 (dd, J=12.9, 3.4 
HZ, 1H), 7.03 (d. J=8.8 Hz, 1H), 7.33 (dd, J=8.6, 2.9 Hz, 1H), 
7.50 (d. J=2.7 Hz, 1H), 7.65 (dd, J=9.3, 2.2 Hz, 1H), 7.89 (br 
s, 1H), 8.20 (d. J=9.2 Hz, 1H). (MS (ESI) m/z362. 1 (M+H)". 
Anal. calcd for CHCINO: C, 63.24; H, 5.87: N, 7.76. 
Found: C, 63.19; H, 5.83; N, 7.82. 

Example 11 
N-(3E)-5-tert-butyl-2-(2R)-tetrahydrofuran-2-ylm 
ethylisoxazol-3(2H)-ylidene-5-chloro-2-methoxy 

benzamide 

Example 1 1A 
(2R)-tetrahydrofuran-2-ylmethyl 4-methylbenzene 

sulfonate 

0423 To (R)-(tetrahydrofuran-2-yl)methanol (1.0 g, 9.8 
mmol) in CHCl (3 mL) and pyridine (3 mL) at ambient 
temperature was added 4-methylbenzene-1-sulfonyl chloride 
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(2.0 g, 10.3 mmol) portion-wise over 5 minutes. This mixture 
was stirred for 16 hours at ambient temperature then was 
quenched with 10 mL of 5% aqueous HCl and was extracted 
with 3x5 mL CHC1. The combined organics were dried 
over anhydrous NaSO, filtered and concentrated under 
reduced pressure. The crude material was purified by column 
chromatography (SiO, 75% hexanes in ethyl acetate) to give 
the title compound (1.7 g. 6.8 mmol. 69% yield). MS (DCI/ 
NH) m/z 257 (M+H)" and 274 (M+NH)". 

Example 11B 

5-tert-butyl-2-(2R)-tetrahydrofuran-2-ylmethyl 
isoxazol-3(2H)-imine 

0424. A mixture of 5-tert-butylisoxazol-3-amine (1 g, 7.1 
mmol) and the product from Example 11A (1.7 g. 6.8 mmol) 
in 1.5 mL N,N-dimethylformamide was warmed to 85°C. 
and was allowed to stir for 70 hours. The mixture was cooled 
to ambient temperature, concentrated under reduced pressure 
and purified by column chromatography (SiO, 50% hexanes 
in ethyl acetate then 10% CH-OH in ethyl acetate) to provide 
the p-toluenesulfonate salt of the title compound (0.48g, 1.2 
mmol, 17% yield). MS (DCI/NH) m/z 225 (M+H)". 

Example 11C 

N-(3E)-5-tert-butyl-2-(2R)-tetrahydrofuran-2-ylm 
ethylisoxazol-3(2H)-ylidene-5-chloro-2-methoxy 

benzamide 

Step A: 5-chloro-2-methoxybenzoyl chloride 

0425. A mixture of 5-chloro-2-methoxybenzoic acid (0.24 
g, 1.3 mmol) and thionyl chloride (5 mL) was warmed to 
reflux and was allowed to stir for 2 hours. The mixture was 
cooled to ambient temperature, concentrated under reduced 
pressure and diluted with 10 mL toluene. The reaction mix 
ture was again concentrated under reduced pressure and was 
again diluted with 10 mL toluene. This concentration and 
dilution was repeated and the crude product was used without 
further purification. 

Step B 

0426 To a solution of the product of Example 11B (0.48g. 
1.2 mmol) in tetrahydrofuran (10 mL) was added triethy 
lamine (0.68 mL, 4.8 mmol) followed by a solution of the 
product from Step A (1.3 mmol) intetrahydrofuran (5 mL) via 
cannula. This mixture was warmed to 50° C. and was allowed 
to stir for 3 hours. The mixture was cooled to ambient tem 
perature, was quenched with Saturated, aqueous NHCl (5 
mL) and was diluted with ethyl acetate (5 mL). The layers 
were separated and the aqueous layer was extracted with ethyl 
acetate (3x5 mL). The combined organic extracts were dried 
over NaSO, filtered and concentrated under reduced pres 
Sure. The crude material was purified by column chromatog 
raphy (SiO, 60% hexanes in ethyl acetate) to give the title 
compound (0.34g, 0.87 mmol, 72% yield). "HNMR (CDC1, 
300 MHz) 8 ppm 1.34 (s.9H), 1.74-1.97 (m, 3H), 1.98-2.11 
(m. 1H), 3.74-3.84 (m, 1H), 3.85-3.96 (m, 1H), 3.87 (s.3H), 
4.17-4.25 (m. 1H), 4.27-4.43 (m, 2H), 6.87 (d. J=8.7 Hz, 1H), 
7.22 (s, 1H), 7.27-7.32 (m, 1H), 7.82 (d. J=2.8 Hz, 1H); MS 
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(DCI/NH) m/z 393 (M+H)"; Anal. (CHCIN.O.) Calc: 
C, 61.14; H, 6.41: N, 7.13. Found: C, 60.97; H, 6.57; N, 7.13. 

Example 12 
N-(3E)-5-tert-butyl-1-methyl-2-(2S)-tetrofuran-2- 
ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene-5- 

chloro-2-methoxybenzamide 
Example 12A 

(2S)-tetrahydrofuran-2-ylmethyl 4-methylbenzene 
sulfonate 

0427. To (S)-(tetrahydrofuran-2-yl)methanol (2.0g, 20 
mmol) in CHCl (10 mL) at about 0°C. was added p-tolu 
enesulfonyl chloride (4.2g, 22.00 mmol), followed by drop 
wise addition of triethylamine (5.6 mL, 40.0 mmol). The 
resulting solution was kept at 0°C. for 2 hours, and then at 
room temperature for another 2 hours. The reaction mixture 
was concentrated to dryness and diethylether (200 mL) and 
water (100 mL) were added. The organic layer was separated, 
dried over magnesium sulfate, filtered, and concentrated to 
yield the title compound (2.3 g 13.00 mmol. 64%) as a 
colorless oil, which was used in the next step without purifi 
cation. 

Example 12B 
(2S)-tetrahydrofuran-2-ylmethylhydrazine 

0428 To the product from Example 12A (720 mg. 4.0 
mmol) in ethanol (2 mL) was gradually added ice-cooled 
liquid hydrazine (2560 mg, 80 mmol). The temperature was 
allowed to rise to room temperature where it was kept for 2 
hours before warming to 40°C. and kept at that temperature 
for 2 hours. The reaction solution was allowed to stand over 
night at room temperature and concentrated. The residue was 
extracted with diethylether (3x60 mL). The combined ether 
layers were dried over MgSO, filtered, and concentrated to 
yield the title compound as a colorless oil (385 mg, 83%). 

Example 12C 
3-tert-butyl-1-(2S)-tetrahydrofuran-2-ylmethyl)-1H 

pyrazol-5-amine 

0429 To a stirred solution of the product from Example 
12B (232 mg, 2.0 mmol) in ethanol (4 mL) was added 4.4- 
dimethyl-3-oxopentanenitrile (250 mg, 2.0 mmol). The mix 
ture was refluxed for 2 hours. The ethanol was removed by 
evaporation under reduced pressure and the crude product 
was dissolved in CHCl (10 mL), which was used directly 
for the next step. 

Example 12D 
N-3-tert-butyl-1-(2S)-tetrahydrofuran-2-ylmethyl 
1H-pyrazol-5-yl)-5-chloro-2-methoxybenzamide 

0430. To the mixture of the product from Example 12C 
(447 mg, 2.0 mmol) and the product from Step A of Example 
11C (410 mg, 2.0 mmol) in CHCl (8 mL) at about 0°C. was 
added triethylamine (0.34 mL, 2.4 mmol) dropwise. After 
stirring for 1 hour at room temperature, water (10 mL) was 
added to quench the reaction, and CHCl (20 mL) was 
added. The organic layer was separated, washed with brine, 
dried over MgSO filtered, and concentrated. The residue 
was purified by chromatography using an AnalogiX(R) 
IT280TMeluting with ethyl acetate? Hexanes in 0-50% gradi 
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ent to yield the title compound (330 mg, 42%). "H NMR (300 
MHz, DMSO-d) 8 ppm 10.26 (s, 1H), 7.81 (d. J=2.71 Hz, 
1H), 7.62 (dd, J=8.98, 2.88 Hz, 1H), 7.28 (d. J=9.15 Hz, 1H), 
6.31 (s, 1H), 405-4.23 (m, 3H), 3.97 (s, 3H), 3.54-3.72 (m, 
2H), 1.83-2.01 (m, 1H), 1.62-1.82 (m, 2H), 1.43-1.60 (m, 
1H), 1.24 (s, 9H). MS (ESI) m/z 392 (M+H)". 

Example 12E 
N-(3E)-5-tert-butyl-1-methyl-2-(2S)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

5-chloro-2-methoxybenzamide 
0431) To the product from Example 12D (298 mg, 0.76 
mmol) in toluene (6 mL) was added dimethylsulfate (0.145 
mL, 1.52 mmol). The mixture was heated at 110° C. for 48 
hours and concentrated under reduced pressure. The residue 
was dissolved in 1:1 dimethylsulfoxide/methanol and puri 
fied by reverse phase preparative HPLC on a Waters Nova 
Pak R. HRC186 um 60 A Prep-Pak(R. cartridge column (40 
mmx100 mm) using a gradient of 0% to 70% acetonitrile: 10 
mMammonium acetate over 8 min (10 min run time) at a flow 
rate of 70 mL/min to yield the title compound (150 mg. 
48.6%). "H NMR (300 MHz, DMSO-d) 8 ppm 7.36 (d. 
J=2.74 Hz, 1H), 7.27 (dd, J=8.77, 2.82 Hz, 1H), 6.98 (d. 
J=8.69 HZ, 1H), 6.80 (s, 1H), 4.26-4.37 (m, 2H), 4.12-4.20 
(m. 1H), 3.87 (m, 9H). MS 3.78 (m, 1H), 3.72 (s, 3H), 3.59 
3.66 (m. 1H), 1.67-1.92 (m, 4H), 1.37 (m,9H). MS (ESI) m/z 
406 (M+H). 

Example 13 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3-oxazol-2(3H)-ylidene-5-chloro-2-meth 

oxybenzamide 
Example 13A 

(R)-tetrahydrofuran-2-ylmethyl-cyanamide 
0432 To a stirred mixture of cyanogen bromide (2.2 g, 
20.8 mmol) and anhydrous NaCO (4.2g, 39.6 mmol) in dry 
ether (30 mL) at about -20 to about -10° C. was added 
(R)-(tetrahydro-furan-2-yl)-methylamine (Aldrich) (2.0 g, 
9.8 mmol) over 10 minutes. Stirring was continued for an 
additional 1.5 hours at about -20 to about -10°C. Then the 
mixture was filtered and concentrated to provide 2.21 g of the 
title product. MS (DCI/NH) m/z 127 (M+H)". 

Example 13B 
(R)-5-tert-butyl-3-((tetrahydrofuran-2-yl)methyl) 

oxazol-2(3H)-imine 
0433. A mixture of Example 13A (2.35 g, 18.63 mmol), 
1-bromo-3,3-dimethylbutan-2-one (Aldrich) (2.52 mL, 
18.63 mmol) and potassium carbonate (2.57 g. 18.63 mmol) 
in 2-butanone (75 mL) was stirred at 80° C. overnight. The 
mixture was cooled, poured into water, and extracted with 
ethyl acetate (2x). The combined organic extracts were dried 
over NaSO filtered, and concentrated under reduced pres 
sure to afford the title compound. LC/MS (ESI) m/Z 224 
(M+H)". 

Example 13C 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3-oxazol-2(3H)-ylidene-5-chloro-2-meth 

oxybenzamide 
0434. To a solution of Example 13B (1.24g, 5.53 mmol) in 
tetrahydrofuran (10 mL) was added N-(3-dimethylaminopro 
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pyl)-N-ethylcarbodiimide hydrochloride (1.06 g, 5.53 
mmol), 1-hydroxybenzotriazole (0.85g, 5.55 mmol), triethy 
lamine (0.45 mL, 3.2 mmol) and 5-chloro-2-methoxybenzoic 
acid (Aldrich) (1.03 g, 5.55 mmol). The mixture was stirred at 
80° C. overnight, cooled to room temperature, diluted with 
ethyl acetate, washed with 1 M aqueous NaHCO, dried 
(NaSO), filtered and concentrated. The residue was purified 
by column chromatography using an AnalogiXR Intel 
liflash280TM (SiO, 0-50% ethyl acetate in hexanes) to pro 
vide the title product. MS (ESI) m/z 393 (M+H)"; "H NMR 
(300 MHz, CDC1) 8 ppm 1.20 (s, 9H), 1.59-1.71 (m. 1H), 
1.83-1.97 (m, 2H), 2.02-2.14 (m, 1H), 3.66 (dd, J=14.2, 7.5 
HZ, 1H), 3.75-3.82 (m. 1H), 3.82 (s.3H), 3.82-3.92 (m, 1H), 
4.07 (dd, J=14.2, 2.7 Hz, 1H), 4.13-4.24 (m, 1H), 6.52 (s, 1H), 
6.83 (d. J=8.8 Hz, 1H), 7.27 (dd, J=9.0, 2.7 Hz, 1H), 7.74 (d. 
J=2.7 Hz, 1H). 

Example 14 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-ethoxy-5-(trifluoromethyl)benzamide 
Example 14A 

(R) N-(3-tert-butyl-1-((tetrahydrofuran-2-yl)me 
thyl)-1H-pyrazol-5-yl)-2.2.2-trifluoroacetamide 

0435 To a solution of the product of Example 45B (4.15g, 
18.6 mmol) and triethylamine (7.8 mL, 55.8 mmol) in 
CHCl (30 mL) at 0° C. was added 2.2.2-trifluoroacetic 
anhydride (2.6 mL, 18.6 mmol) dropwise via Syringe pump 
over 20 min. The ice-bath was removed after the addition was 
complete and the mixture was stirred at ambient temperature 
for 1 hour. The mixture was concentrated under reduced 
pressure and was purified by column chromatography (SiO, 
40% hexanes/EtOAc) to provide the title compound (5.3 g, 
16.6 mmol. 89% yield). MS (DCI/NH) m/z 320 (M+H)". 

Example 14B 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2.2.2-trifluoroacetamide 

0436. A mixture of the product of Example 14A (5.3 g, 
16.6 mmol) and dimethyl sulfate (4.8 mL, 49.8 mmol) in 
toluene (7 mL) was warmed to 90° C. and was allowed to stir 
for 72 hours then was cooled to ambient temperature and was 
concentrated under reduced pressure. The mixture was puri 
fied by column chromatography (SiO, 50% hexanes/EtOAc 
to 100% EtOAc to 9:1:0.1 EtOAc:MeOH:EtN) to give the 
title compound (2.8 g., 8.4 mmol, 51% yield). MS (DCI/NH) 
m/z 334 (M+H)". 

Example 14C 
5-tert-butyl-1-methyl-2-(2R)-tetrahydrofuran-2- 

ylmethyl-1,2-dihydro-3H-pyrazol-3-imine 

0437. To a solution of the product of Example 14B (2.3 g, 
6.8 mmol) in MeOH (12 mL) was added sodium hydroxide 
(1.4 g., 34.0 mmol) in water (2.5 mL). This mixture was 
warmed to 50° C. and was allowed to stir for 16 hours then 
was cooled to ambient temperature. The mixture was concen 
trated under reduced pressure and then was diluted with 10 
mL CHC1 and 5 mL H.O.The layers were separated and the 
aqueous layer was extracted with CHCl (3x5 mL). The 
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combined organics were dried over anhydrous NaSO4, fil 
tered and concentrated under reduced pressure. The crude 
material was recrystallized from methanol and ethyl acetate 
to give the title compound (1.6 g. 6.7 mmol. 99% yield). MS 
(DCI/NH) m/z 238 (M+H). 

Example 14D 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-ethoxy-5-(trifluoromethyl)benzamide 

0438 A mixture of 2-ethoxy-5-(trifluoromethyl)benzoic 
acid (0.20 g, 0.84 mmol) and SOCl (5 mL) was warmed to 
90° C. for 2 hours and then was cooled to ambient tempera 
ture and concentrated under reduced pressure. The crude 
material was diluted with 10 mL toluene and was concen 
trated again. This dilution/concentration was repeated two 
additional times to provide 2-ethoxy-5-(trifluoromethyl)ben 
Zoyl chloride that was used directly below. 
0439. To a solution of the product of Example 14C (0.20g, 
0.84 mmol) in THF (10 mL) at ambient temperature was 
added Et-N (0.47 mL, 3.4 mmol) followed by 2-ethoxy-5- 
(trifluoromethyl)benzoyl chloride (0.84 mmol). This mixture 
was warmed to 50° C. and was allowed to stirfor 2 hours then 
was cooled to ambient temperature and was quenched with 5 
mL saturated, aqueous NaHCO. EtOAc (10 mL) was added, 
the layers were separated and the aqueous layer was extracted 
with EtOAc (3x5 mL). The combined organics were dried 
over anhydrous NaSO, filtered, concentrated under reduced 
pressure and purified by column chromatography (SiO, 
100% CHCl to 9:1:0.1 CHC1:CHOH:NHOH) to give 
the title compound (0.11g, 0.24 mmol. 29% yield). H NMR 
(300 MHz, CDC1) 8 ppm 1.41-1.44 (m, 3H), 1.42 (s, 9H), 
1.69-1.90 (m, 3H), 1.94-2.08 (m, 1H), 3.66-3.809m, 2H), 
3.86 (s.3H), 4.11-4.26 (m,3H), 4.28-4.38 (m, 1H), 4.45-4.55 
(m. 1H), 6.95 (d. J–8.7 Hz, 1H), 7.06 (s, 1H), 7.48 (dd, J=8.7, 
2.4 Hz, 1H), 7.98 (d, J-24 Hz, 1H); MS (DCI/NH)3.80 (m, 
2H), m/z 454 (M+H); Anal. calculated for CHFNO; 
Calc: C, 60.91; H, 6.67; N, 9.27: Found: C, 60.75; H, 6.75; N, 
913. 

Example 15 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

3-(pentafluoro-lambda-6-sulfanyl)benzamide 

0440 A mixture of 3-(pentafluorothio)benzoic acid 
(Apollo Scientific, 0.42 g, 1.7 mmol) and SOC1 (1.2 mL, 
16.9 mmol) was warmed to reflux and was allowed to stir for 
2 hours. The mixture was cooled to ambient temperature and 
concentrated under reduced pressure. The residue was dis 
solved in toluene (5 mL) and was concentrated under reduced 
pressure. This dilution with toluene and concentration was 
repeated two additional times to remove residual thionyl 
chloride and afford 3-(pentafluoro-2'-sulfanyl)benzoyl chlo 
ride that was used directly below. 
0441. To a mixture of the product of Example 14C (0.20g, 
0.84 mmol) in THF (5 mL) was added EtN (0.47 mL, 3.4 
mmol) followed by 3-(pentafluoro--sulfanyl)benzoyl chlo 
ride (1.7 mmol). This mixture was stirred at ambient tempera 
ture for 16 h then the mixture was quenched with saturated, 
aqueous NaHCO (5 mL) and diluted with EtOAc (10 mL). 
The layers were separated and the aqueous layer was 
extracted with EtOAc (3x5 mL). The combined organics 
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were dried over anhydrous NaSO, filtered, concentrated 
under reduced pressure and purified via column chromatog 
raphy (SiO, 50% hex/EtOAc to 100% EtOAc to 15% MeOH 
in EtOAc) to provide the title compound (0.22 g, 0.47 mmol. 
56% yield). "H NMR (300 MHz, CDC1) 8 ppm 1.43 (s.9H), 
1.74-1.92 (m, 3H), 2.01-2.10 (m. 1H), 3.68-3.84 (m, 2H), 
3.90 (s.3H), 4.20-4.30 (m. 1H), 4.37 (dd, J=15.3, 5.8 Hz, 1H), 
4.60 (dd, J=15.3, 3.1 Hz, 1H), 7.08 (s, 1H), 7.46 (t, J=8.0 Hz, 
1H), 7.75 (ddd, J=8.2, 2.3, 1.0 Hz, 1H), 8.38 (d. J–7.8 Hz, 
1H), 8.72 (dd, J-22, 1.5 Hz, 1H); MS (DCI/NH) m/z. 468 
(M+H)". Anal. calculated for CHF.N.O.S: Calc: C, 
51.38; H, 5.61; N, 8.99: Found: C, 51.35; H, 5.58: N, 8.82. 

Example 16 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(cis-3-hydroxycyclobutyl)methoxy-5-(trifluo 

romethyl)benzamide 
Example 1.6A 

N-3-tert-butyl-1-(2R)-tetrahydrofuran-2-ylmethyl 
1H-pyrazol-5-yl)-2-fluoro-5-(trifluoromethyl)benza 

mide 

0442. To a solution of the product of Example 45B (7.8 g. 
35.0 mmol) and triethylamine (14.6 mL, 105 mmol) in THF 
(60 mL) at ambient temperature was added 2-fluoro-5-(trif 
luoromethyl)benzoyl chloride (5.3 mL, 35.0 mmol) dropwise 
over 10 min. The mixture was stirred at ambient temperature 
for 3 hours. The mixture was quenched with Saturated, aque 
ous NaHCO, (20 mL) and diluted with EtOAc (20 mL). The 
layers were separated and the aqueous layer was extracted 
with EtOAc (3x10 mL). The combined organics were dried 
over anhydrous NaSO filtered and concentrated under 
reduced pressure. Purification by column chromatography 
(SiO, 40% hexanes/EtOAc) gave the title compound (11.0 g, 
26.6 mmol, 76% yield). MS (DCI/NH) m/z. 414 (M+H)". 

Example 16B 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-fluoro-5-(trifluoromethyl)benzamide 

0443) A mixture of the product of Example 16A (14.2 g, 
34.3 mmol) and dimethyl sulfate (9.9 mL, 103 mmol) in 
toluene (40 mL) was warmed to 90° C. and was allowed to stir 
for 18 hours then was cooled to ambient temperature. The 
mixture was concentrated under reduced pressure and was 
purified by column chromatography (SiO, 50% hexanes/ 
EtOAc to 100% EtOAc to 9:1:0.1 EtOAc:MeOH:EtN) to 
give the title compound (10.0g, 23.4 mmol. 68% yield). MS 
(DCI/NH) m/z 428 (M+H)". 

Example 16C 
(cis-3-(benzyloxymethyl)cyclobutoxy) (tert-butyl) 

dimethylsilane 

0444 To a solution of cis-3-(benzyloxymethyl)cyclobu 
tanol (Albany Molecular, 1.0g, 5.2 mmol) in CHCl (20 mL) 
was added imidazole (0.71 g, 10.4 mmol), DMAP (64 mg. 
0.52mmol) and tert-butyldimethylsilylchloride (TBSCI) (1.6 
g, 10.4 mmol). This mixture was stirred at ambient tempera 
ture for 16 h, quenched with saturated, aqueous NHCl (5 
mL) and diluted with EtOAc (10 mL). The layers were sepa 
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rated and the aqueous layer was extracted with EtOAc (3x5 
mL). The combined organics were dried over anhydrous 
Na2SO, filtered, concentrated under reduced pressure and 
purified via column chromatography (SiO, 50% hexanes/ 
EtOAc) to give the title compound (1.15g, 3.8 mmol. 72% 
yield). MS (DCI/NH,) m/z 307 (M+H)". 

Example 16D 
(cis-3-(tert-butyldimethylsilyloxy)cyclobutyl)metha 

nol 

0445. A solution of the product of Example 16C (1.15g, 
3.8 mmol) in ethanol (20 mL) was degassed three times with 
aN back-flush each time. Palladium on carbon (0.080g, 0.75 
mmol) was added and the mixture was degassed three times 
with an N back-flush each time. The system was put under 1 
atm of H (balloon) and was allowed to stir at ambient tem 
perature for 72 hours at which time the mixture was degassed 
three times with a Na backflush each time. The mixture was 
filtered through Celite, concentrated under reduced pressure 
and purified via column chromatography (SiO, 50% hex 
anes/EtOAc) to give the title product (0.75 g, 3.5 mmol, 92% 
yield). MS (DCI/NH) m/z 217 (M+H)". 

Example 16E 
2-(cis-3-tert-butyl (dimethyl)silyloxycyclobutyl) 
methoxy-N-(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 

Zol-3-ylidene)-5-(trifluoromethyl)benzamide 
0446. To a solution of the product of Example 16D (0.16g, 
0.75 mmol) in THF (5 mL) was added KOt-Bu (0.13 g, 1.1 
mmol). This mixture was stirred at ambient temperature for 
20 min then the product of Example 16B (0.16g, 0.37 mmol) 
in THF (5 mL) was added via cannula. The mixture was 
stirred at ambient temperature for 6 hours. The mixture was 
quenched with saturated, aqueous NaHCO (5 mL) and 
diluted with EtOAc (5 mL). The layers were separated and the 
aqueous layer was extracted with EtOAc (3x5 mL). The com 
bined organics were dried over anhydrous NaSO filtered, 
concentrated under reduced pressure and purified via column 
chromatography (SiO, 100% EtOAc to 10% MeOH in 
EtOAc) to provide the title compound (0.12 g, 0.19 mmol. 
51% yield). MS (DCI/NH) m/z 624 (M+H)". 

Example 16F 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(cis-3-hydroxycyclobutyl)methoxy-5-(trifluo 

romethyl)benzamide 

0447. To a solution of the product of Example 16E (0.12 g, 
0.19 mmol) in THF (5 mL) was added tetrabutylammonium 
fluoride (TBAF) (1M in THF, 0.39 mL, 0.39 mmol). This 
mixture was stirred at ambient temperature for 3 h then the 
mixture was concentrated under reduced pressure and puri 
fied via column chromatography (SiO, 50% hex/EtOAc to 
100% EtOAc to 9:1:0.1 EtOAc, MeOH: EtN) to give the title 
compound (40 mg, 0.078 mmol, 41% yield). H NMR (300 
MHz, CDC1) 8 ppm 1.42 (s.9H), 1.70-1.94 (m, 3H), 1.98 
2.12 (m, 1H), 2.22-2.43 (m, 3H), 2.48-2.63 (m, 2H), 3.68-3. 
83 (m,2H), 3.86 (s.3H), 4.00 (d. J–2.0 Hz, 2H), 4.07-4.18 (m, 
1H), 4.18-4.26 (m. 1H), 4.25-4.34 (m. 1H), 4.35-4.47 (m, 
1H), 4.53 (dd, J=15.3, 3.1 Hz, 1H), 6.92 (d. J=8.8 Hz, 1H), 
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7.03 (s, 1H), 7.51 (dd, J=8.5, 1.7 Hz, 1H), 8.11 (d. J=2.0 Hz, 
1H); MS (DCI/NH) m/z 510 (M+H)"; Anal. calculated for 
CHFNO: Calc: C, 61.28; H, 6.73; N, 8.25: Found: C, 
61.34; H, 6.80; N, 8.21. 

Example 17 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(3-oxocyclobutyl)methoxy-5-(trifluoromethyl) 

benzamide 

0448. To a solution of the product of Example 16F (0.38g. 
0.75 mmol) in CHCl (10 mL) at ambient temperature was 
added N-methylmorpholine N-oxide (0.44g, 3.7 mmol) and 
a small amount of 4 Apowdered molecular sieves (~200 mg). 
The mixture was stirred for 10 min then was cooled to 0°C. 
Tetrapropylammonium perruthenate (TPAP, 0.039 g, 0.11 
mmol) was added portion-wise and the mixture was stirred at 
0° C. for 30 min then was allowed to warm to ambient tem 
perature and was stirred for 2 hours. The mixture was filtered 
through Celite and the filtrate was concentrated under 
reduced pressure. The crude material was purified via column 
chromatography (SiO, 50% hexanes/EtOAc to 100% EtOAc 
to 9:1:0.1 EtOAc/MeOH/EtN) to give the title compound 
(0.19 g, 0.37 mmol, 50% yield). "H NMR (300 MHz, CDC1,) 
8 ppm 1.43 (s, 9H), 1.66-1.90 (m, 3H), 1.94-2.06 (m, 1H), 
2.82-2.99 (m. 1H), 3.10-3.17 (m, 4H), 3.65-3.79 (m, 2H), 
3.86 (s, 3H), 4.13-4.20 (m, 1H), 4.24 (d. J=5.8 Hz, 2H), 
4.26-4.33 (m, 1H), 4.47 (dd, J=15.3.3.4 Hz, 1H), 6.96 (s, 1H), 
6.98 (d. J=8.8 Hz, 1H), 7.49 (dd, J=8.8, 2.0 Hz, 1H), 7.93 (d. 
J=2.4 Hz, 1H); MS (DCI/NH) m/z. 508 (M+H)". Anal. cal 
culated for CHFNO0.5H2O: Calc: C, 60.45; H, 6.44; 
N, 8.13: Found: C, 60.22; H, 6.28: N, 8.06. 

Example 18 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-cis-3-methoxycyclobutyl)methoxy-5-(trifluorom 

ethyl)benzamide 
Example 18A 

(((cis-3-methoxycyclobutyl)methoxy)methyl)ben 
Zee 

0449 To a solution of cis-3-(benzyloxymethyl)cyclobu 
tanol (Albany Molecular, 0.76 g. 4.0 mmol) in THF (10 mL) 
at 0°C. was added sodium hydride (0.47g, 11.9 mmol). The 
mixture was stirred at 0°C. for 15 minutes then iodomethane 
(0.37 mL, 5.9 mmol) was added. The mixture was stirred for 
5 minutes then the ice-bath was removed and the mixture was 
stirred at ambient temperature for 16 hours. The mixture was 
quenched with 5 mL saturated, aqueous NaHCO and diluted 
with 5 mL EtOAc. The layers were separated and the aqueous 
layer was extracted with EtOAc (3x5 mL). The combined 
organics were dried over anhydrous NaSO filtered, con 
centrated under reduced pressure and purified via column 
chromatography (SiO, 75% hexanes/EtOAc) to provide the 
title compound (0.69 g, 3.3 mmol, 85% yield). MS (DCI/ 
NH) m/z. 207 (M+H)". 

Example 18B 
(cis-3-methoxycyclobutyl)methanol 

0450 A solution of the product of Example 18A (0.69 g, 
3.3 mmol) in ethyl acetate (10 mL) was degassed three times 
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with a Na back-flush each time. Palladium on carbon (0.071 g, 
0.067 mmol) was added and the mixture was again degassed 
three times with a nitrogenback-flush each time. The reaction 
mixture was put under 1 atm of hydrogen (balloon) and was 
allowed to stir for 70 hours. The mixture was degassed three 
times with a nitrogen back-flush each time then was filtered 
through Celite and the filtrate was concentrated under 
reduced pressure to give the title compound (0.38 g, 3.3 
mmol, 98% yield). MS (DCI/NH) m/z. 117 (M+H). 

Example 18C 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(cis-3-methoxycyclobutyl)methoxy-5-(trifluo 

romethyl)benzamide 

0451. To a solution of the product of Example 18B (0.2g, 
1.7 mmol) in THF (10 mL) was added KOt-Bu (1 M in THF, 
2.6 mL, 2.6 mmol). This mixture was stirred at ambient 
temperature for 20 min then the product of Example 16B 
(0.37 g. 0.86 mmol) in THF (5 mL) was added via cannula. 
The mixture was stirred at ambient temperature for 6 hours 
then was quenched with saturated, aqueous NaHCO, (5 mL) 
and diluted with EtOAc (5 mL). The layers were separated 
and the aqueous layer was extracted with EtOAc (3x5 mL). 
The combined organics were dried over anhydrous NaSO, 
filtered, concentrated under reduced pressure and purified via 
column chromatography (SiO, 50% hexanes/EtOAc to 
100% EtOAc to 9:1:0.1 EtOAc/MeOH/EtN) to provide the 
title compound (0.39 g, 0.75 mmol, 87% yield). "H NMR 
(300 MHz, CDC1) 8 ppm 1.43 (s, 9H), 1.70- 1.80 (m, 4H), 
1.82-1.89 (m, 1H), 1.95-2.09 (m. 1H), 2.30-2.45 (m, 3H), 
3.20 (s, 3H), 3.67-3.80 (m, 3H), 3.85 (s, 3H), 4.07 (d. J=6.1 
Hz, 2H), 4.13-4.23 (m, 1H), 4.30 (dd, J=15.3, 5.8 Hz, 1H), 
4.49 (dd, J=15.3.3.1 Hz, 1H), 6.93 (d. J=8.8 Hz, 1H), 7.01 (s, 
1H), 7.46 (dd, J=8.5, 2.0 Hz, 1H), 7.94 (d. J=2.4 Hz, 1H); MS 
(DCI/NH) m/z 524 (M+H)"; Anal. calculated for 
CHFNO.0.2H2O: Calc: C, 61.51; H, 6.96: N, 7.97: 
Found: C, 61.33: H, 7.19; N, 8.10. 

Example 19 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(3.3-difluorocyclobutyl)methoxy-5-(trifluorom 

ethyl)benzamide 

Example 19A 
(3.3-difluorocyclobutyl)methanol 

0452. To a solution of 3,3-difluorocyclobutanecarboxylic 
acid (Parkway Scientific, 1.0 g, 7.4 mmol) in THF (20 mL) at 
-10° C. was added N-methylmorpholine (0.81 mL, 7.4 
mmol). 
0453 The mixture was stirred for 1 minute then ethyl 
chloroformate (0.70 mL, 7.4 mmol) was added dropwise. 
This mixture was stirred at -10° C. for 15 minutes then was 
filtered through Celite and the filtrate was added dropwise via 
syringe to a mixture of NaBH (0.63 g, 16.5 mmol) in water 
(10 mL) at 5°C. The ice-bath was removed after the addition 
was complete and the mixture was stirred at ambient tempera 
ture for 2 hours. The mixture was quenched with saturated, 
aqueous NHCl (10 mL) and diluted with EtOAc (10 mL). 
The layers were separated and the aqueous layer was 
extracted with EtOAc (3x5 mL). The combined organics 
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were dried over anhydrous NaSO, filtered and concentrated 
under reduced pressure to give the title compound (1.0 g, 8.2 
mmol. 11.1% yield) which was used without further purifica 
tion. "H NMR (300 MHz, CDC1) 8 ppm 1.81-1.89 (m. 1H), 
2.26-2.43 (m, 2H), 2.57-2.70 (m, 2H), 3.70 (t, J=5.2 Hz, 2H), 
3.72-3.77 (m. 1H). 

Example 19B 
N-(3E)-5-tert-butyl-1-methyl-2-2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(3.3-difluorocclobutyl)methoxy-5-(trifluorom 

ethyl)benzamide 
0454. To a solution of the product of Example 19A (0.21 g, 
1.8 mmol) in THF (5 mL) was added KOt-Bu (0.33 g, 2.9 
mmol). This mixture was stirred at ambient temperature for 
20 minutes then the product of Example 16B (0.25 g, 0.59 
mmol) in THF (5 mL) was added via cannula. The mixture 
was stirred at ambient temperature for 1 hour then was 
quenched with saturated, aqueous NaHCO, (5 mL) and 
diluted with EtOAc (5 mL). The layers were separated and the 
aqueous layer was extracted with EtOAc (3x5 mL). The com 
bined organics were dried over anhydrous NaSO, filtered, 
concentrated under reduced pressure and purified via column 
chromatography (SiO, 100% EtOAc to 10% MeOH in 
EtOAc) to provide the title compound (0.20 g, 0.34 mmol. 
65% yield). H NMR (300 MHz, CDC1,) 8 ppm 1.43 (s.9H), 
1.69-1.80 (m, 2H), 1.81-1.91 (m. 1H), 1.95-2.03 (m. 1H), 
2.49-2.72 (m, 5H), 3.69-3.80 (m, 2H), 3.86 (s.3H), 4.08-4.14 
(m, 2H), 4.14-4.20 (m. 1H), 4.29 (dd, J=15.3, 5.4 Hz, 1H), 
4.48 (dd, J=15.3.3.1 Hz, 1H), 6.94 (d. J=8.8 Hz, 1H), 6.98 (s, 
1H), 7.48 (dd, J=8.8, 1.7 Hz, 1H), 7.91 (d. J=2.0 Hz, 1H); MS 
(DCI/NH) m/z 530 (M+H)"; Anal. calculated for 
CHFNO: Calc: C, 58.97; H, 6.09: N, 7.94: Found: C, 
58.78; H, 6.16; N, 7.86. 

Example 20 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(3-methoxy-3-methylbutoxy)-5-(trifluoromethyl) 

benzamide 

0455 Potassium t-butoxide (0.47 mL, 1M in THF) was 
added to 3-methoxy-3-methylbutan-1-ol (58 mg 0.49 mmol) 
in 0.25 mL of THF and stirred for 10 minutes. Example 16B 
(0.1 g, 0.23 mmol) in 0.6 mL of THF was added and the 
mixture stirred for 3 hours. The mixture was diluted with 
dichloromethane, 15 uL of glacial acetic acid was added and 
the resulting mixture filtered, loaded onto silica and chro 
matographed (0 to 25% MeOH in EtOAc) to afford the title 
compound (0.05 g, 0.1 mmol, 41% yield). "H NMR (300 
MHz, CDC1) 8 ppm 1.21 (s, 6H), 1.42 (s.9H), 1.70-193 (m, 
3H), 1.96-2.11 (m,3H), 3.19 (s.3H), 3.63-3.81 (m, 2H), 3.86 
(s.3H), 4.13-4.24 (m, 3H), 4.26-4.37 (m. 1H), 4.44-4.56 (m, 
1H), 6.98 (d. J=8.8 Hz, 1H), 7.03 (s, 1H), 7.49 (dd, J=8.8, 1.7 
HZ, 1H), 7.95 (d. J=2.4 Hz, 1H). MS (DCI/NH) m/z 526.3 
(M+H)". Analytical calculated for CHFNO: C, 61.70; 
H, 7.29; N, 7.99;. Found: C, 61.43; H, 7.38; N, 7.84. 

Example 21 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(2.2.2-trifluoroethoxy)-5-(trifluoromethyl)benza 

mide 

0456 Potassium tert-butoxide (0.47 mL, 1M in THF) was 
added to 2.2.2-trifluoroethanol (35 uL, 0.49 mmol) in 0.25 
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lytical calculated for CHFNO: C, 60.35; H, 6.89; N. 
8.45. Found: C, 60.07; H, 7.00: N, 8.39. 

Example 32 
2-methoxy-N-(3E)-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,4,5,6-tetrahydrocyclopentac 
pyrazol-3(2H)-ylidene-5-(trifluoromethyl)benza 

mide 

Example 32A 
(S)-2-((tetrahydrofuran-2-yl)methyl)-2,4,5,6-tetrahy 

drocyclopentacpyrazol-3-amine 
0467. The title compound was prepared from Example 
45A using the procedure as described in Example 45B sub 
stituting 2-oxocyclopentanecarbonitrile for 4.4-dimethyl-3- 
oxopentanenitrile. MS (DCI/NH) m/z. 208 (M+H)". 

Example 32B 
2-methoxy-N-(2-(2R)-tetrahydrofuran-2-ylmethyl 
2,4,5,6-tetrahydrocyclopentacpyrazol-3-yl)-5-(trif. 

luoromethyl)benzamide 
0468. To a solution of the product of Example 32A (340 
mg, 1.64 mmol) and pyridine (535 uL, 6.56 mmol) in CHCl, 
(20 mL) was added 2-methoxy-5-(trifluoromethyl)benzoyl 
chloride (470 mg, 1.97 mmol) dropwise. The mixture was 
stirred at ambient temperature for 1 h. The mixture was con 
centrated under reduced pressure and was purified by column 
chromatography (SiO, 40% hexanes/EtOAc) to provide the 
title compound 550 mg (82%). MS (DCI/NH) m/z 410 
(M+H)". 

Example 32C 
2-methoxy-N-(3E)-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,4,5,6-tetrahydrocyclopentac 
pyrazol-3(2H)-ylidene-5-(trifluoromethyl)benza 

mide 

0469 A mixture of the product of Example 32B (550 mg, 
1.34 mmol) and dimethyl sulfate (512 uL, 5.37 mmol) in 
toluene (5 mL) was warmed to 90° C. and was allowed to stir 
for 12 h then was cooled to ambient temperature and was 
concentrated under reduced pressure. The mixture was puri 
fied by column chromatography (SiO, 50% hexanes/EtOAc 
to 100% EtOAc to 9:1:0.1 EtOAc:MeOH:EtN) to give the 
title compound 73 mg (13%). H NMR (400 MHz, CDC1) & 
ppm 1.66-1.78 (m, 1H) 1.80-193 (m, 2H)2.03 (m. 1H)2.39 
2.50 (m, 2H)2.73 (t, J=7.36 Hz, 2H)3.02 (t, J–7.36, 6.75 Hz, 
2H)3.65 (s.3H)3.68-3.76 (m. 1H)3.77-3.85 (m, 1H)3.89 (s. 
3H)4.09 (dd, J=14.73, 6.14 Hz, 1H) 4.13-4.19 (m, 1H)4.45 
(dd, J=15.04, 2.76 Hz, 1H) 6.94 (d. J=8.59 Hz, 1H) 7.50 (dd, 
J=10.13, 1.53 Hz, 1H) 7.96 (d. J=2.15 Hz, 1H); MS (DCI/ 
NH) m/z 424 (M+H). 

Example 33 
2-methoxy-N-(3E)-1-methyl-5-(1-methylcyclopro 
pyl)-2-(2R)-tetrahydrofuran-2-ylmethyl-1,2-dihy 
dro-3H-pyrazol-3-ylidene)-5-(trifluoromethyl)ben 

Zamide 

Example 33A 
3-(1-methylcyclopropyl)-3-oxopropanenitrile 

0470 To a solution of diisopropylamine (7.43 mL, 52.6 
mmol) in 60 mL of THF was added n-BuLi (2.5M) (21.03 
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mL, 52.6 mmol) at -78°C. The reaction was stirred at -78°C. 
for 30 min, then acetononitrile (2.76 mL, 52.6 mmol) was 
added at -78°C. and the reaction was stirred for 30 min, then 
methyl 1-methylcyclopropanecarboxylate (3 g, 52.6 mmol) 
was added at -78°C. The reaction was stirred at -78°C. for 
1 hour and then allowed to warm up at room temperature 
overnight. The solvent was evaporated and the solid dissolved 
in water. The aqueous layer was washed with ether and then 
acidified with 6N HCl to pH 2-3. The aqueous layer was 
extracted with ether. The organic layer was dried with MgSO 
and concentrated to afford the title compound (2.89 g, 89%). 
MS (DCI/NH) m/z 124 (M+H)". 

Example 33B 
R)-3-(1-methvlcvclopropvl)-1-((tetrahvdrofuran-2- ylcyclopropy y 

yl)methyl)-1H-pyrazol-5-amine 
0471. The title compound was prepared from Example 
45A using the procedure as described in Example 45B sub 
stituting Example 33A for 44-dimethyl-3-oxopentanenitrile. 
MS (DCI/NH) m/z 222 (M+H)". 

Example 33C 
2-methoxy-N-3-(1-methylcyclopropyl)-1-(2R)- 
tetrahydrofuran-2-ylmethyl)-1H-pyrazol-5-yl)-5- 

(trifluoromethyl)benzamide 
0472. The title compound was prepared using the proce 
dure as described in Example 32B substituting Example 33B 
for Example 32A. MS (DCI/NH) m/z 424 (M+H)". 

Example 33D 
2-methoxy-N-(3E)-1-methyl-5-(1-methylcyclopro 
pyl)-2-(2R)-tetrahydrofuran-2-ylmethyl-1,2-dihy 
dro-3H-pyrazol-3-ylidene)-5-(trifluoromethyl)ben 

Zamide 

0473. The title compound was prepared using the proce 
dure as described in Example 32C substituting Example 33C 
for Example 32B. "H NMR (400 MHz, CDC1) 8 ppm 0.78 
0.85 (m, 2H) 0.91-1.00 (m, 2H) 1.37 (s, 3H) 1.72-1.85 (m, 
2H) 1.83-192 (m, 1H) 1.97-2.09 (m, 1H)3.68-3.80 (m, 2H) 
3.84 (s.3H)3.91 (s.3H) 4.16-4.32 (m, 2H)4.50 (d. J=12.58 
HZ, 1H)6.96 (d. J=8.90 HZ, 1H)7.04 (s, 1H) 7.51 (dd, J=8.90, 
1.84 Hz, 1H)7.99 (d. J–2.15 Hz, 1H)MS (DCI/NH) m/z 438 
(M+H)". 

Example 34 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-2-methoxyethyl)amino-5-(trifluoromethyl)benza 

mide 

0474. A mixture of the product from Example 16B (100 
mg, 0.234 mmol), 2-methoxyethanamine (52.7 mg, 0.702 
mmol) and triethylamine (71 mg, 0.702 mmol) in THF (1 mL) 
was heated at 120°C. with microwave irradiation (Discover, 
CEM) for 60 min. The reaction mixture was diluted with H2O 
and extracted with EtOAc (2x). The organic layer was dried 
over MgSO filtered and concentrated. The residue was puri 
fied by column chromatography using an AnalogiX(R) Intel 
liflash280TM (SiO, 50% hexanes/EtOAc to 100% EtOAc to 
9:1:0.1 EtOAc: MeOH:EtN) to afford 79 mg (70%) of the 
title compound. "H NMR (400 MHz, CDC1) 8 ppm 1.42 (s, 
9H) 1.72-1.82 (m, 2H) 1.81-1.90 (m. 1H) 1.98-2.11 (m, 1H) 
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ppm 1.39 (d. J=7.63 Hz, 3H) 1.44 (s, 9H) 1.64-1.81 (m, 2H) 
1.81-1.91 (m, 1H)2.00-2.10 (m. 1H)3.66-3.80 (m, 2H)3.92 
(s, 3H) 4.14-4.22 (m. 1H) 4.30-4.40 (m. 1H) 4.44-4.68 (m, 
3H)4.67-4.78 (m, 1H) 6.99 (s, 1H) 7.04 (d. J=8.85 Hz, 1H) 
7.52 (dd, J=8.54, 2.14 Hz, 1H) 7.96 (s, 1H); MS (DCI/NH) 
m/z. 486 (M+H)". 

Example 43 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-(3-fluoro-3-methylbutoxy)-5-(trifluoromethyl) 
benzamide 

Example 43A 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(3-hydroxy-3-methylbutoxy)-5-(trifluoromethyl) 

benzamide 

0492. The title compound was prepared using the proce 
dure as described in Example 35 substituting 3-methylbu 
tane-1,3-diol for 2,2-difluoroethanol. MS (DCI/NH) m/z. 
512 (M+H)". 

Example 43B 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-(3-fluoro-3-methylbutoxy)-5-(trifluoromethyl) 
benzamide 

0493. The product from Example 43A (215 mg, 0.42 
mmol) in CHCl (10 mL) was treated dropwise with DAST 
(66 uL, 0.504 mmol) at -78°C. The reaction mixture was 
allowed to warm up to room temperature for 4 hrs. The 
mixture was quenched with saturated NaHCO, and extracted 
with EtOAc (2x). The organic layer was dried over MgSO, 
filtered and concentrated. The residue was purified by column 
chromatography using an Analogix(R) Intelliflash280TM 
(SiO, 50% hexanes/EtOAc to 100% EtOAc to 9:1:0.1 
EtOAc:MeOH:EtN) to afford 48 mg (22%) of the title com 
pound. "H NMR (400 MHz, CDC1) 8 ppm 1.45 (d. J=21.48 
Hz, 6H) 1.50 (s, 9H) 1.82-199 (m, 3H) 2.19-2.37 (m, 3H) 
3.67-3.83 (m, 2H) 4.14-4.23 (m. 1H) 4.24 (s, 3H) 4.48 (t, 
J=7.36 Hz, 2H)4.80-4.97 (m. 1H) 5.48 (d. J=17.18 Hz, 1H) 
6.97 (s, 1H) 7.13 (d. J=8.59 Hz, 1H) 7.74 (dd, J=7.98, 1.84 
HZ, 1H) 8.08 (d. J–2.15 Hz, 1H); MS (DCI/NH) m/z 514 
(M+H). 

Example 44 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(1-hydroxycyclobutyl)methoxy-5-(trifluorom 

ethyl)benzamide 

Example 44A 
1-(hydroxymethyl)cyclobutanol 

0494 Methylenecyclobutane (2.5 g., 36.7 mmol) in 
acetone (150 mL) and water (25 mL) was treated with osmi 
um(VIII) oxide (467 mg, 1.835 mmol). The mixture was 
stirred at room temperature for 20 minutes. To the above 
mixture was added, in portions, 4-methylmorpholine N-oxide 
(12.9 g, 110 mmol). The reaction was stirred at room tem 
perature for 12 hrs. The mixture was quenched with saturated 
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NaSO, dried over MgSO, filtered and concentrated. The 
residue was purified by distillation (65-68°C. under 0.6 Torr) 
to provide the title compound (760 mg, 20%). H NMR (400 
MHz, DMSO-d) oppm 1.30-1.48 (m. 1H) 1.55-1.66 (m. 1H) 
1.76-1.89 (m,2H) 1.91-2.04 (m,2H)4.41 (s, 1H)4.60(s, 1H). 

Example 44B 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(1-hydroxycyclobutyl)methoxy-5-(trifluorom 

ethyl)benzamide 

0495. The title compound was prepared using the proce 
dure as described in Example 35 substituting Example 44A 
for 2,2-difluoroethanol. "H NMR (400 MHz, CDC1) 8 ppm 
1.42 (s, 9H) 1.50-1.64 (m, 2H) 1.65-1.91 (m, 4H) 1.97-2.06 
(m. 1H) 2.05-2.21 (m, 3H)3.66-3.81 (m, 2H)3.87 (s, 3H) 
4.13-4.20 (m, 1H)4.24 (s. 2H)4.28 (dd, J=15.34, 5.83 Hz, 
1H)4.53 (dd, J=15.34, 3.07 Hz, 1H) 7.00 (s, 1H) 7.09 (d. 
J=8.59 Hz, 1H) 7.52 (dd, J=8.29, 2.45 Hz, 1H)8.13 (d. J–2.15 
HZ, 1H); MS (DCI/NH) m/z 510 (M+H)". 

Example 45 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

5-chloro-2-methoxybenzamide 

Example 45A 
(R)-((tetrahydrofuran-2-yl)methyl)hydrazine dihy 

drochloride 

0496 To (R)-(tetrahydrofuran-2-yl)methanol (4.0 g, 39.2 
mmol), di-tert-butyl hydrazine-1,2-dicarboxylate (3.64 g. 
15.67 mmol) and triphenylphosphine (15.41 g, 58.7 mmol) in 
THF (100 mL) was added (E)-di-tert-butyl diazene-1,2-dicar 
boxylate (13.5 g. 5.87 mmol). The mixture was stirred at 
ambient temperature for 3 h then diluted with water and 
extracted with EtOAc (100 mLx2). The organic extract was 
washed with brine and concentrated. Purification by flash 
chromatography (silica gel, 5-30% EtOAc/hexane) afforded 
10.2 g (82%) of (R)-di-tert-butyl 1-((tetrahydrofuran-2-yl)- 
methyl)-hydrazine-1,2-dicarboxylate, which was dissolved 
in a solution of 4M HCl in dioxane (40 mL) and stirred at 
ambient temperature overnight. The solvent was removed 
under reduced pressure and ethyl acetate (20 mL) was added 
with stirring. The solid precipitate was filtered, washed with 
ether (10 mL) and dried under vacuum to yield 7.8 g. (97%) of 
the title compound as a white solid. "H NMR (300 MHz, 
DMSO-d) & ppm 1.48-1.63 (m. 1H), 1.73-1.88 (m, 2H), 
1.90-2.02 (m, 1H), 2.84-3.01 (m, 2H), 3.61-3.71 (m. 1H), 
3.72-3.83 (m, 1H), 3.97-4.08 (m, 1H), 5.76 (br, 5H); MS 
(ESI) m/z. 117 (M+H)". 

Example 45B 
(R)-3-tert-butyl-1-((tetrahydrofuran-2-yl)methyl)- 

1H-pyrazol-5-amine hydrochloride 

0497. A mixture of Example 45A (7.8 g., 41.3 mmol) and 
4,4-dimethyl-3-oxopentanenitrile (5.68 g. 45.4 mmol) in 
ethanol (50 mL) was refluxed at 90° C. for 6 hours, then the 
solvent was removed under reduced pressure and ethyl 
acetate (10 mL) was added with stirring. The white solid that 
precipitated was collected, washed with ether and dried to 
yield 10.4 g (97%) of the title compound. "H NMR (300 
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1H), 6.94 (d. J=8.82 Hz, 1H), 7.36 (dd, J=8.82, 2.71 Hz, 1H), 
7.49 (d. J=2.37 Hz, 1H); MS (ESI) m/z 496 M+H, 494 
M-H. 

Example 59 
5-bromo-N-(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 

Zol-3-ylidene-2-(2-fluoroethoxy)benzamide 
0514. The title compound was prepared from Example 
58A and 2-fluoroethanol according to the procedure 
described in Example 53. "H NMR (300 MHz, DMSO-d) & 
ppm 1.38 (s, 9H), 1.60- 1.96 (m, 4H), 3.54-3.66 (m, 1H), 
3.69-3.80 (m. 1H), 3.87 (s.3H), 4.11-4.18 (m, 2H), 4.23-4.36 
(m,3H), 4.56-4.62 (m, 1H), 4.72-4.78 (m, 1H), 6.79 (s, 1H), 
6.96 (d. J=8.82 Hz, 1H), 7.38 (dd, J=8.48, 2.71 Hz, 1H), 7.53 
(d. J=2.71 Hz, 1H); MS (ESI) m/z. 484 M+H", 482 IM-H. 

Example 60 
5-bromo-N-(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 
Zol-3-ylidene)-2,3-dihydro-1-benzofuran-7-carboxa 

mide 

0515. The title compound was prepared from Example 
45B according to the procedure described in Example 45C 
and Example 45D. substituting 5-bromo-2,3-dihydrobenzo 
furan-7-carbonyl chloride for 2-methoxy-5-chlorobenzoyl 
chloride. HNMR (300 MHz, DMSO-d) 8 ppm 1.37 (s.9H), 
1.73-197 (m, 4H), 3.12-3.28 (m, 2H), 3.59-3.69 (m, 1H), 
3.72-3.81 (m, 1H), 3.87 (s, 3H), 4.22 (dd, J=5.35, 3.77 Hz, 
1H), 4.27-4.37 (m, 1H), 4.39-4.47 (m. 1H), 4.52 (t, J=8.72 
Hz, 2H), 6.77 (s, 1H), 7.34 (d. J=2.38 Hz, 1H), 7.76 (d. J=1.98 
HZ, 1H); MS (ESI) m/z 464 M+H. 

Example 61 
N-(2E)-4-tert-butyl-1-(2R)-tetrahydrofuran-2-ylm 
ethylpyridin-2(1H)-ylidene-5-chloro-2-methoxy 

benzamide 

Example 61A 
(R)-4-tert-butyl-1-((tetrahydrofuran-2-yl)methyl) 

pyridin-2(1H)-imine 
0516 A mixture of 4-tert-butylpyridin-2-amine (1.0 g. 6.7 
mmol, LeadCien Labs), Example 11A (2.0 g, 8.0 mmol), and 
tetrabutylammonium iodide (1.2g, 3.3 mmol) in N,N-dim 
ethylformamide (1.3 mL) was heated at 95°C. for 16 hours. 
The reaction was incomplete as monitored by LC/MS. One 
more equivalent of both Example 11A and tetrabutylammo 
nium iodide were added. After stirring at 95°C. for 16 hours, 
the reaction mixture was cooled and quenched with Saturated 
NaHCO (10 mL). The aqueous layer was extracted with 
dichloromethane (3x30 mL). The combined organic extracts 
were dried over anhydrous NaSO, filtered and concentrated 
under reduced pressure to provide the title compound. MS 
(ESI) m/z 235 (M+H)". 

Example 61B 
N-(2E)-4-tert-butyl-1-(2R)-tetrahydrofuran-2-ylm 
ethylpyridin-2(1H)-ylidene-5-chloro-2-methoxy 

benzamide 

0517. To a solution of the crude product of Example 61A 
(0.8 g. 1.7 mmol) in tetrahydrofuran (10 mL) were added 
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5-chloro-2-methoxybenzoyl chloride (0.4g, 1.9 mmol) and 
triethylamime (0.7 mL, 5.1 mmol). After stirring at 60°C. for 
14 hours, the reaction mixture was cooled and quenched with 
saturated NaHCO, (10 mL). The aqueous layer was extracted 
with ethyl acetate (3x20 mL). The combined organic extracts 
were dried over anhydrous NaSO, filtered and concentrated 
under reduced pressure. The residue was purified by column 
chromatography using an Analogix(R) Intelliflash280TM 
(SiO, 0-5% methanol in dichloromethane) to provide 60 mg 
of the title compound. HNMR (300 MHz, DMSO-d) 8 ppm 
1.26 (s.9H), 1.50-1.69 (m, 1H), 1.69-2.09 (m,3H), 3.57-3.70 
(m. 1H), 3.75 (s.3H), 3.76-3.86 (m, 1H), 4.00 (dd, J=12.9,8.5 
HZ, 1H), 4.30 (dd. 1H), 4.57 (dd, J=12.7, 3.2 Hz, 1H), 6.87 
(dd, J=7.0, 2.2 Hz, 1H), 7.03 (d. J=8.8 Hz, 1H), 7.34 (dd, 
J=8.8, 2.7 Hz, 1H), 7.53 (d. J=2.7 Hz, 1H), 7.95 (d. J=7.1 Hz, 
1H), 8.28 (d. J=2.4 Hz, 1H) MS (ESI) m/z 403 (M+H)". 

Example 62 
N-(2E)-4-tert-butyl-(2R)-tetrahydrofuran-2-ylm 
ethylpyridin-2(1H)-ylidene-2-methoxy-5-(trifluo 

romethyl)benzamide 
0518 Example 61A, 2-methoxy-5-(trifluoromethyl)ben 
Zoyl chloride (JRD Fluorochemicals) and triethylamine were 
processed as described for Example 61B to provide the title 
compound. "H NMR (300 MHz, DMSO-d) 8 ppm 1.27 (s, 
9H), 1.52-1.69 (m, 1H), 1.71-2.01 (m, 3H), 3.55-3.70 (m, 
1H), 3.72-3.82 (m, 1H), 3.84 (s, 3H), 3.93-4.12 (m, 1H), 
4.24-4.43 (m. 1H), 4.60 (dd, J=12.7, 3.2 Hz, 1H), 6.89 (dd. 
J=7.0, 2.2 Hz, 1H), 7.21 (d. J=8.5 Hz, 1H), 7.67 (dd, J=8.6, 
2.5 Hz, 1H), 7.88 (d. J=2.4 Hz, 1H), 7.97 (d. J=7.1 Hz, 1H), 
8.34 (d, J-2.0 Hz, 1H); MS (ESI) m/z 437 (M+H)" 

Example 63 
N-(3E)-5-tert-butyl-1-methyl-2-(tetrahydro-2H 
pyran-2-ylmethyl)-1,2-dihydro-3H-pyrazol-3- 

ylidene-2-methoxy-5-(trifluoromethyl)benzamide 

Example 63A 
(E)-N'-(3-tert-butyl-1H-pyrazol-5-yl)-N,N-dimethyl 

formimidamide 

0519. A mixture of 3-tert-butyl-1H-pyrazol-5-amine (5 g, 
36 mmol, Alfa-aesar) and N,N-dimethylformamide dimethy 
lacetal (153 mL, 1078 mmol, Aldrich) was refluxed over 
night. The reaction mixture was then cooled, concentrated 
under reduced pressure and the residue was purified by col 
umn chromatography using an AnalogiXR Intelliflash280TM 
(SiO2, 0-5% methanol in dichloromethane) to provide 6.9 g, 
(99%) of the title compound. MS (ESI) m/z 195 (M+H)". 

Example 63B 
(E)-N'-(3-tert-butyl-1-((tetrahydro-2H-pyran-2-yl) 
methyl)-1H-pyrazol-5-yl)-N,N-dimethylformimida 

mide 

0520. To a solution of Example 63A (1.0 g, 5.2 mmol) in 
N,N-dimethylformamide (10 mL) were added sodium 
hydride (0.52g, 12.9 mmol. 60% in mineral oil, Aldrich), 
2-(bromomethyl)tetrahydro-2H-pyran (0.8 mL, 6.2 mmol) 
and sodium iodide (0.23g, 1.5 mmol). After stirring at 65° C. 
for 16 hours, the reaction mixture was cooled and quenched 
with saturated NaHCO (10 mL). The aqueous layer was 
extracted with ethyl acetate (3x20 mL). The combined 
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organic extracts were dried over anhydrous NaSO, filtered 
and concentrated under reduced pressure. The residue was 
purified by column chromatography using an AnalogiX(R) 
Intelliflash280TM (SiO, 0-10% methanol in dichlo 
romethane) to provide 0.82 g (55%) of the title compound. "H 
NMR (501 MHz, CDC1) 8 ppm 1.22-1.33 (m. 1H), 1.27 (s, 
9H), 1.34-1.49 (m, 3H), 1.51-1.62 (m. 1H), 1.72-1.83 (m, 
1H), 2.87 (s.3H), 2.95 (s.3H), 3.36-3.49 (m, 1H), 3.73-3.83 
(m. 1H), 3.95 (dd, J=11.3, 3.0 Hz, 1H), 4.02 (dd, J=13.4, 7.7 
HZ, 1H), 4.17 (dd, J=13.4, 5.8 Hz, 1H), 5.55 (s, 1H), 8.00 (s, 
1H). MS (ESI) m/z 293 (M+H)". 

Example 63C 
3-tert-butyl-1-((tetrahydro-2H-pyran-2-yl)methyl)- 

1H-pyrazol-5-amine 

0521. To a solution of Example 63B (0.9 g, 3.1 mmol) in 
dioxane (10 mL) were added hydrazine (0.12 mL, 3.7 mmol. 
Aldrich) and acetic acid (0.35 mL, 6.2 mmol). After stirring at 
85° C. for 16 hours, the reaction mixture was cooled and 
quenched with saturated NaHCO (10 mL). The aqueous 
layer was extracted with ethyl acetate (3x20 mL). The com 
bined organic extracts were dried over anhydrous Na2SO4. 
filtered and concentrated under reduced pressure to provide 
the title compound. MS (APCI) m/Z 238 (M+H)". 

Example 63D 

N-(3-tert-butyl-1-((tetrahydro-2H-pyran-2-yl)me 
thyl)-1H-pyrazol-5-yl)-2-methoxy-5-(trifluorom 

ethyl)benzamide 

0522 To a solution of Example 63C (0.73 g, 3.1 mmol) in 
tetrahydrofuran (20 mL) were added 2-methoxy-5-(trifluo 
romethyl)benzoic acid (0.68 g, 3.1 mmol, JRD Fluorochemi 
cals), 1-hydroxybenzotriazole (0.47 g, 3.1 mmol, Aldrich), 
N-(3-dimethylaminopropyl)-N-ethylcarbodimide hydro 
chloride (0.59 g, 3.1 mmol) and triethylamine (1.3 mL, 9.2 
mmol). After stirring at 60° C. for 16 hours, the reaction 
mixture was cooled and quenched with saturated NaHCO 
(20 mL). The aqueous layer was extracted with ethyl acetate 
(3x20 mL). The combined organic extracts were dried over 
anhydrous NaSO, filtered and concentrated under reduced 
pressure. The residue was purified by column chromatogra 
phy using an Analogix(R) Intelliflash280TM (SiO, 0-50% 
ethyl acetate in hexanes) to provide 0.2 g of the title com 
pound. MS (ESI) m/z 440 (M+H)". 

Example 63E 

N-(3E)-5-tert-butyl-1-methyl-2-(tetrahydro-2H 
pyran-2-ylmethyl)-1,2-dihydro-3H-pyrazol-3- 

ylidene-2-methoxy-5-(trifluoromethyl)benzamide 

0523 To a solution Example 63D (0.2g, 0.455 mmol) in 
toluene (2.0 mL) was added dimethyl sulfate (0.130 mL. 
1.365 mmol). The reaction mixture was heated at 150° C. 
with microwave irradiation for 60 minutes. The reaction mix 
ture was then purified by column chromatography using an 
Analogix R, Intelliflash280TM (SiO, 0-100% of 7N methanol/ 
dichloromethane (1:10) in dichloromethane) to provide the 
title compound. H NMR (300 MHz, DMSO-d) 8 ppm 1.21 
1.32 (m, 2H), 1.37 (s, 9H), 1.39-1.48 (m, 2H), 1.49-1.57 (m, 
1H), 1.73-1.85 (m, 1H), 3.60-3.70 (m, 1H), 3.81 (s.3H), 3.86 
(s, 3H), 3.87-3.90 (m. 1H), 4.16 (s, 1H), 4.17-4.23 (m. 1H), 
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4.24-4.34 (m. 1H), 6.78 (s, 1H), 7.15 (d. J=8.6 Hz, 1H), 7.60 
(dd, J=8.6, 2.5 Hz, 1H), 7.75 (d. J=2.5 Hz, 1H); MS(ESI) m/z 
454 (M+H). 

Example 64 
N-((3E)-5-tert-butyl-1-methyl-2-((5R)-5-methyltet 
rahydrofuran-2-yl)methyl-1,2-dihydro-3H-pyrazol 
3-ylidene)-2-methoxy-5-(trifluoromethyl)benzamide 

Example 64A 
((5R)-5-methyltetrahydrofuran-2-yl)methanol 

0524. To a solution of (R)-hex-5-en-2-ol (5.0 g, 50.0 
mmol, Aldrich) in chloroform (100 mL) were added methyl 
trioxorhenium(VII) (0.37 g, 1.5 mmol, Aldrich) and hydro 
gen peroxide (5.7g, 50.0 mmol, 30% in water, Aldrich). After 
stirring at room temperature for 16 hours, the reaction mix 
ture was quenched with potassium carbonate, and extracted 
with diethyl ether (2x50 mL). The combined organic extracts 
were dried over anhydrous MgSO filtered and concentrated 
under reduced pressure to provide 7.7 g (75%) of the title 
compound MS (DCI) m/z. 134 (M+NH)". 

Example 64B 
((5R)-5-methyltetrahydrofuran-2-yl)methyl 4-meth 

ylbenzenesulfonate 
0525) To a solution of Example 64A (4.0g, 25.8 mmol) in 
dichloromethane (100 mL) were added triethylamine (10.8 
mL, 77.0 mmol) and p-toluenesulfonyl chloride (4.9 g, 25.8 
mmol). The reaction mixture was stirred at room temperature 
overnight and then washed with water (50 mL) and brine (50 
mL). The organic layer was dried (NaSO), filtered and 
concentrated under reduced pressure. The residue was puri 
fied by column chromatography using an AnalogiX(R) Intel 
liflash280TM (SiO, 0-25% ethyl acetate in hexanes) to pro 
vide 3.5 g (50%) of the title compound. MS (DCI) m/z 288 
(M+NH)". 

Example 64C 
(E)-N'-(3-tert-butyl-1-(((5R)-5-methyltetrahydrofu 
ran-2-yl)methyl)-1H-pyrazol-5-yl)-N,N-dimethyl 

formimidamide 

0526. To a solution of Example 63A (1.6 g., 8.2 mmol) in 
toluene (100 mL) were added potassium carbonate (2.3 g, 
16.5 mmol). Example 64B (2.7 g 9.9 mmol), tetrabutylam 
monium iodide (70mg), tetraethylammonium iodide (70mg) 
and tetrabutylammonium hydrogensulfate (70mg). The reac 
tion mixture was refluxed for 16 h, cooled, filtered and con 
centrated under reduced pressure. The residue was purified by 
column chromatography using an AnalogiXR Intel 
liflash280TM (SiO, 0-10% methanol in dichloromethane) to 
provide 0.6 g (25%) of the title compound. MS (ESI) m/z 
293 (M+H)". 

Example 64D 
3-tert-butyl-1-(((5R)-5-methyltetrahydrofuran-2-yl) 

methyl)-1H-pyrazol-5-amine 
0527 Example 64C, hydrazine and acetic acid were pro 
cessed as described for Example 63C to provide the title 
compound. LCMS (APCI) m/Z 237 (M+H)". 

Example 64E 
N-(3-tert-butyl-1-(5R)-5-methyltetrahydrofuran-2- 
yl)methyl)-1H-pyrazol-5-yl)-2-methoxy-5-(trifluo 

romethyl)benzamide 
0528 Example 64D, 2-methoxy-5-(trifluoromethyl)ben 
Zoic acid, 1-hydroxybenzotriazole, N-(3-dimethylaminopro 
pyl)-N-ethylcarbodimide hydrochloride and triethylamine 
were processed as described in Example 63D to provide the 
title compound. MS (ESI) m/z 440 (M+H)". 
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(m. 2H), 3.89 (s.3H), 4.02-4.12 (m. 1H), 4.14-4.25 (m. 1H), 
6.53 (s, 1H), 6.97 (d. J=8.7 Hz, 1H), 7.58 (dd, J=8.7, 2.4 Hz, 
1H), 8.06 (d, J-2.0 Hz, 1H). 

Example 67 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-N'-(4-methyl 

cyclohexyl)urea 
Example 67A 

Tert-butyl 5-tert-butyl-1,3,4-thiadiazol-2-ylcarbam 
ate 

0537. To mixture of 5-tert-butyl-1,3,4-thiadiazol-2-amine 
(Aldrich) (20.0 g, 127 mmol) and N',N',N',N-tetramethyl 
ethane-1,2-diamine (0.19 mL, 1.27 mmol) in dichlo 
romethane was added di-tertbutyl dicarbonate (30.5 g. 140 
mmol). The reaction was stirred at room temperature for 12 
hours. The mixture was washed with aq. Sodium bicarbonate, 
dried over NaSO and concentrated under reduced pressure. 
The residue was purified by column chromatography using an 
Analogix R, Intelliflash280TM (SiO, 0-15% ethyl acetate in 
hexanes) to give the title product. MS (ESI) m/z 258 
(M+H)". 

Example 67B 
tert-butyl (2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran 
2-ylmethyl-1,3,4-thiadiazol-2(3H)-ylidenecarbam 

ate 

0538. To a mixture of Example 67 A (1.88 g, 7.31 mmol) 
and Example 11A (2.25 g, 8.77 mmol) in THF/DMF (4/1) 
was added potassium tert-butoxide (1.12 g, 9.50 mmol). The 
reaction was heated at 75° C. for 16 hours. The mixture was 
cooled to room temperature and diluted with ether, washed 
with aq. NaHCO, dried over MgSO and concentrated under 
reduced pressure. The residue was purified by column chro 
matography using an Analogix(R) Intelliflash280TM (SiO, 
0-50% ethyl acetate in hexanes) to give the title compound. 
MS (ESI) m/z 342 (M+H)". 

Example 67C 
(R)-5-tert-butyl-3-((tetrahydrofuran-2-yl)methyl)-1, 

3,4-thiadiazol-2(3H)-imine 
0539 Example 67B (619 mg, 1.81 mmol) and trifluoro 
acetic acid (1.12 mL, 14.5 mmol) were stirred at 22°C. for 8 
hours. The trifluoroacetic acid was evaporated and the residue 
was dissolved in dichloromethane and washed with saturated 
aq. NaHCO. The organic extract was dried over NaSO and 
concentrated to dryness to yield the title compound. MS 
(ESI) m/z 242 (M+H)". 

Example 67D 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-N'-(4-methyl 

cyclohexyl)urea 

0540. To a solution of Example 67C (33 mg, 0.14 mmol) in 
tetrahydrofuran (0.3 mL), was added triethylamine (28 mg, 
0.27 mmol). After shaking a solution of p-nitrophenyl car 
bamoyl chloride (28 mg 0.14 mmol) was added in tetrahy 
drofuran (0.3 mL). A precipitate was formed and after shak 
ing for 30 minutes a solution of 4-methylcyclohexanamine 
(21 mg, 0.19 mmol) in tetrahydrofuran (0.6 mL) was added. 
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The mixture was heated to 50° C. overnight. The mixture was 
cooled to ambient temperature, and filtered through Si-Car 
bonate cartridge, washed with methanol checked by LC/MS 
and concentrated to dryness. The residue was dissolved in 1:1 
DMSO/Methanol and purified by preparative HPLC on a 
Phenomenex Luna C8(2)5um 100 AAXIA column (30mmx 
75 mm). A gradient of acetonitrile (A) and 0.1% trifluoroace 
tic acid in water (B) was used, at a flow rate of 50 mL/min 
(0-0.5 min 10% A, 0.5-6.0 min linear gradient 10-100% A, 
6.0-7.0 min 100% A, 7.0-8.0 minlinear gradient 100-10% A) 
to afford the title compound. 'H NMR (500 MHz, DMSO/ 
DO) 8 ppm 0.83-0.93 (m,3H), 0.93-1.01 (m, 1H), 1.15-1.25 
(m. 1H), 1.26-1.35 (m, 10H), 1.41-1.99 (m, 10H), 3.59-3.67 
(m. 2H), 3.75-3.80 (m, 1H), 3.96-4.08 (m, 1H), 4.19-4.32 (m, 
2H); MS (ESI) m/z 381 (M+H)". 

Example 68 
N-(1-adamantylmethyl)-N'-(2Z)-5-tert-butyl-3- 

(2R)-tetrahydrofuran-2-ylmethyl-1,3,4-thiadiazol-2 
(3H)-ylideneurea 

0541. Example 67C (33 mg, 0.14 mmol) and adaman 
tanemethylamine (31 mg 0.19 mmol) were processed and the 
product purified according to the methods of Example 67D to 
afford the title compound. "H NMR (500 MHz, DMSO/DO) 
8 ppm 1.24-1.40 (m, 9H), 1.40-2.03 (m. 19H), 2.75-2.85 (m, 
2H), 3.59-3.67 (m, 1H), 3.74-3.81 (m, 1H), 3.98-4.07 (m, 
1H), 4.22-4.36 (m, 2H); MS (ESI) m/z. 433 (M+H)". 

Example 69 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidenel-N'-(1S,2R, 

5S)-6,6-dimethylbicyclo[3.1.1 hept-2-yl) 
methylurea 

(0542. Example 67C (33 mg, 0.14 mmol) and (1S,2R,5S)- 
6,6-dimethylbicyclo[3.1.1 heptan-2-yl)methanamine (29 
mg, 0.19 mmol) were processed and the product purified 
according to the methods of Example 67D to afford the title 
compound. "H NMR (500 MHz, DMSO/DO) 8 ppm 1.00 
1.35 (m, 15H), 1.38-2.37 (m, 13H), 2.88-3.20 (m, 2H), 3.61 
3.67 (m. 1H), 3.76-3.80 (m, 1H), 3.94-4.08 (m. 1H), 4.20-4. 
34 (m, 2H); MS (ESI) m/z 421 (M+H)". 

Example 70 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-N'-1-(hy 

droxymethyl)-3-methylbutylurea 
0543. Example 67C (33 mg, 0.14 mmol) and (S)-2-amino 
4-methylpentan-1-ol (22 mg, 0.19 mmol) were processed and 
the product purified according to the methods of Example 
67D to afford the title compound. "H NMR (500 MHz, 
DMSO/DO) 8 ppm 0.80-0.93 (m, 6H), 1.26-1.35 (m. 11H), 
1.49-1.72 (m, 2H), 1.76-2.01 (m, 3H), 3.21-3.38 (m, 2H), 
3.60-3.66 (m. 1H), 3.69-3.75 (m, 1H), 3.78-3.82 (m, 1H), 
3.97-4.13 (m. 1H), 4.18-4.34 (m, 2H); MS (ESI) m/z 385 
(M+H)". 

Example 71 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-N'-(1,2-dim 

ethylpropyl)urea 
0544 Example 67C (33 mg, 0.14 mmol) and 3-methylbu 
tan-2-amine (16 mg, 0.19 mmol) were processed and the 
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and the product purified according to the methods of Example 
67D to afford the title compound. "H NMR (500 MHz, 
DMSO/DO) 8 ppm 1.26-141 (m, 9H), 1.60- 1.73 (m. 1H), 
1.79-2.03 (m, 3H), 2.77-2.89 (m, 1H), 2.99-3.06 (m, 1H), 
3.59-3.66 (m. 1H), 3.71-3.76 (m, 1H), 3.95-4.04 (m, 1H), 
4.21-4.29 (m, 2H), 4.31-4.38 (m, 1H), 7.19-7.30 (m, 5H); MS 
(ESI) m/z. 432 (M+H)". 

Example 81 

N'-({(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2- 
ylmethyl-1,3,4-thiadiazol-2(3H)-ylidene 

aminocarbonyl)-L-isoleucinamide 

0554) Example 67C (33 mg, 0.14 mmol) and (2S,3S)-2- 
amino-3-methylpentanamide (32 mg, 0.19 mmol) were pro 
cessed and the product purified according to the methods of 
Example 67D to afford the title compound. "H NMR (500 
MHz, DMSO/DO) 8 ppm 0.77–0.91 (m, 6H), 1.05-1.17 (m, 
1H), 1.28-1.34 (m, 9H), 1.40-1.47 (m. 1H), 1.59-2.05 (m, 
5H), 3.57-3.70 (m, 1H), 3.76-3.81 (m, 1H), 3.95-4.10 (m, 
2H), 4.22-4.37 (m, 2H); MS (ESI) m/z 398 (M+H)". 

Example 82 

N'-({(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2- 
ylmethyl-1,3,4-thiadiazol-2(3H)-ylidene 

amino}carbonyl)-N',3-dimethyl-L-valinamide 

0555 Example 67C (30 mg, 0.12 mmol) and (S)-2-amino 
N.3,3-trimethylbutanamide (24 mg., 0.17 mmol) were pro 
cessed and the product purified according to the methods of 
Example 67D to afford the title compound. "H NMR (500 
MHz, DMSO/DO) 8 ppm 0.90-0.95 (m, 9H), 1.29-1.33 (m, 
9H), 1.61-1.76 (m, 1H), 1.78–2.02 (m, 3H), 2.58-2.61 (m, 
3H), 3.59-3.68 (m. 1H), 3.74-3.77 (m, 1H), 4.03-4.05 (m, 
1H), 4.05 (m. 1H), 4.24-4.31 (m, 2H); MS (ESI) m/z. 412 
(M+H)". 

Example 83 

N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-N'-neopenty 

lurea 

0556. Example 67C (30 mg, 0.12 mmol) and 2,2-dimeth 
ylpropan-1-amine (15 mg, 0.17 mmol) were processed and 
the product purified according to the methods of Example 
67D to afford the title compound. "H NMR (500 MHz, 
DMSO/DO) 8 ppm 0.75-0.93 (m, 9H), 1.28-1.33 (m, 9H), 
1.61-1.75 (m, 1H), 1.74-2.06 (m, 3H), 2.84-3.00 (m, 2H), 
3.59-3.68 (m. 1H), 3.76-3.82 (m, 1H), 3.97-4.09 (m, 1H), 
4.22-4.31 (m, 2H); MS (ESI) m/z. 355 (M+H)". 

Example 84 

N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-N'-(1S)-1- 

(hydroxymethyl)-2-methylpropylurea 

0557. Example 67C (33 mg, 0.14 mmol) and (S)-2-amino 
3-methylbutan-1-ol (19 mg, 0.19 mmol) were processed and 
the product purified according to the methods of Example 
67D to afford the title compound. "H NMR (500 MHz, 
DMSO/DO) 8 ppm 0.81-0.90 (m, 6H), 1.28-1.34 (m, 9H), 
1.61-1.74 (m, 1H), 1.78–2.00 (m, 4H), 3.40-3.45 (m, 2H), 
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3.46-3.53 (m. 1H), 3.61-3.66 (m, 1H), 3.77-3.79 (m, 1H), 
4.00-4.09 (m. 1H), 4.23-4.33 (m, 2H); MS (ESI) m/z. 371 
(M+H)". 

Example 85 

N-(3E)-5-tert-butyl-1-methyl-2-(tetrahydrofuran-3- 
ylmethyl)-1,2-dihydro-3H-pyrazol-3-ylidene-2- 

methoxy-5-(trifluoromethyl)benzamide 

Example 85A 

3-tert-butyl-N-trity1-1H-pyrazol-5-amine 

0558. In a 20 mL vial, to a solution of 3-tert-butyl-1H 
pyrazol-5-amine (150 mg, 1.078 mmol) in dichloromethane 
(2 mL) and triethylamine (0.180 mL, 1.293 mmol) was added 
(chloromethanetriyl)tribenzene (300 mg, 1.078 mmol). The 
reaction was stirred at 20° C. for 10 hours before toluene (5 
mL) and ethyl acetate (10 mL) were added. The solid was 
filtered and the filtrate was concentrated to provide the crude 
title compound (320 mg). H NMR (300 MHz, DMSO-d) & 
ppm 0.95-1.02 (m,9H)4.82 (s, 1H)5.75 (s, 1H) 7.15-7.37 (m, 
15H) 11.13 (s, 1H); MS (DCI/NH) m/z 382 (M+H)". 

Example 85B 

(tetrahydrofuran-3-yl)methyl 4-methylbenzene 
sulfonate 

0559 To a solution of (tetrahydrofuran-3-yl)methanol 
(5.15g, 50.4 mmol) in dichloromethane (200 mL) were added 
triethylamine (21.08 mL, 151 mmol) and p-toluenesulfonyl 
chloride (9.61 g, 50.4 mmol) and the mixture was stirred at 
room temperature overnight. The reaction mixture was 
washed with water (100 mL) and brine (100 mL). The organic 
layer was dried with sodium sulfate, filtered and concen 
trated. The crude product was purified by column chromatog 
raphy using an Analogix R, Intelliflash280TM (SiO2, 0-40% 
ethyl acetate in hexane) to provide the title compound (12.5g, 
97%) as colorless viscous liquid. "H NMR (300 MHz, 
DMSO-d) 8 ppm 1.40-1.51 (m. 1H) 1.83-1.95 (m, 1H)2.43 
(s, 3H) 3.28-3.31 (m. 1H)3.31-3.37 (m, 1H) 3.51-3.67 (m, 
3H)3.90-4.00 (m, 2H) 7.48-7.51 (m, 2H) 7.78-7.82 (m, 2H): 
MS (DCI/NH) m/z 274 (M+NH)". 

Example 85C 

(3-tert-butyl-1-((tetrahydrofuran-3-yl)methyl)-N- 
trity1-1H-pyrazol-5-amine 

0560. In a 200 mL round-bottomed flask, to a solution of 
Example 85A (5g, 13.11 mmol) in N,N-dimethyl formamide 
(25 mL) was added sodium iodide (0.786 g. 5.24 mmol), 
Example 85B (4.03 g, 15.73 mmol), followed by addition of 
sodium hydride (1.310 g, 32.8 mmol) and the mixture was 
stirred at 60° C. for 6 hours. LC-MS, m/z. 466 (M+H)" indi 
cated an almost complete reaction. Water (150 mL) was 
added and the mixture was extracted with ethyl acetate (3x40 
mL). The organics were combined, dried and concentrated in 
vacuo. The residue was purified by column chromatography 
using an Analogix R, Intelliflash280TM (SiO, 10-70% ethyl 
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acetate in hexanes) to afford the title compound (5.9 g, 97%) 
which was carried on without further spectral characteriza 
tion. 

Example 85D 
3-tert-butyl-1-((tetrahydrofuran-3-yl)methyl)-1H 

pyrazol-5-amine 

0561 
Example 85C (6.24g, 13.4 mmol) in ethyl acetate (20 mL) 
was added hydrogen chloride (4 N in dioxane, 20 mL) and 
stirred at 20° C. for 2 hours. The reaction was concentrated 
and triturated with ethyl acetate. The solid was collected and 
dried to provide the title compound as the hydrogen chloride 
salt (2.12 g, 61%). H NMR (500 MHz, DMSO-d) 8 ppm 
1.28 (s, 9H) 1.61-1.69 (m, 1H) 1.81-1.89 (m, 1H) 2.73-2.81 
(m. 1H) 3.45 (dd, J=8.85, 5.80 Hz, 1H)3.61-3.67 (m, 3H) 
3.78-3.84 (m, 1H)4.17-4.26 (m,2H)5.53 (s, 1H)7.07 (s.2H): 
MS (DCI/NH) m/z 224 (M+H)". 

Example 85E 
N-(3-tert-butyl-1-((tetrahydrofuran-3-yl)methyl)-1H 
pyrazol-5-yl)-2-methoxy-5-(trifluoromethyl)benza 

mide 

0562. In a 40 mL vial. Example 85D (757 mg, 2.91 mmol) 
in tetrahydrofuran (3.2 mL) and sodium hydroxide (256 mg, 
6.4 mmol) in water (3.20 mL) were mixed and treated with 
2-methoxy-5-(trifluoromethyl)benzoyl chloride (695 mg, 
2.91 mmol) and the reaction was stirred at 25°C. for 12 hours. 
The reaction was concentrated, extracted with ethyl acetate 
(3x10 mL), the organic layers were combined, dried with 
Sodium Sulfate, concentrated and the residue was purified by 
column chromatography using an AnalogiXR Intel 
liflash280TM (SiO, 0-100% ethyl acetate in hexanes) to 
afford the title compound (450 mg, 36.3%). "H NMR (300 
MHz, DMSO-d) 8 ppm 1.24 (s, 9H) 1.56-1.67 (m, 1H) 
1.83-1.95 (m. 1H)2.61-2.73 (m, 1H)3.47-3.53 (m, 1H)3.58 
3.66 (m, 2H)3.70-3.78 (m, 1H)3.90-4.04 (m, 5H) 6.21 (s, 
1H) 7.40 (d. J=8.73 Hz, 1H) 7.87-7.93 (m, 2H) 10.15 (s, 1H): 
MS (DCI/NH) m/z 440 (M+H)". 

Example 85F 
N-(3E)-5-tert-butyl-1-methyl-2-(tetrahydrofuran-3- 
ylmethyl)-1,2-dihydro-3H-pyrazol-3-ylidene-2- 

methoxy-5-(trifluoromethyl)benzamide 

0563. In a microwave viala solution of Example 85E (100 
mg, 0.24 mmol) and dimethyl sulfate (104 mg. 0.823 mmol) 
in toluene (0.8 mL) was heated at 140° C. for 1 hour. The 
reaction was concentrated, dissolved in dichloromethane, and 
purified by column chromatography using an AnalogiX(R) 
Intelliflash280TM (SiO, 0-10% solvent A in dichlo 
romethane: Solvent A: 10% 7M ammonia in MeCH) to col 
lect fractions containing the desired molecule. The fractions 
were combined and purified further by preparative HPLC on 
a Waters Symmetry C8 column (25 mmx100 mm, 7 um 
particle size) using a gradient of 10% to 100% acetonitrile:10 
mMammonium acetate over 8 min (10 min run time) at a flow 
rate of 40 mL/min to provide the title compound (25 mg. 
25%). "H NMR (300 MHz, DMSO-d) 8 ppm 1.38 (s, 9H) 
1.67-1.76 (m. 1H) 1.79-1.88 (m, 1H)2.63-2.73 (m, 1H)3.51 
3.66 (m, 3H) 3.73-3.79 (m, 1H) 3.80 (s, 3H) 3.86 (s, 3H) 
4.16-4.24 (m. 1H)4.27-4.35 (m. 1H) 6.82 (s, 1H) 7.15 (d. 
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J=8.82 Hz, 1H) 7.60 (dd, J=8.65, 1.86 Hz, 1H) 7.68-7.69 (m, 
1H); MS (DCI/NH) m/z 440 (M+H)". 

Example 86 

N-(3E)-5-tert-butyl-1-methyl-2-2R-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-methyl-5-(trifluoromethyl)benzamide 

0564) To a solution of Example 14C (237 mg, 1 mmol) in 
tetrahydrofuran (1.5 mL) and sodium hydroxide (120 mg. 
3.00 mmol) in water (1.5 mL) was added 2-methyl-5-(trifluo 
romethyl)benzoyl chloride (445 mg, 2.0 mmol) and stirred 
for 4 hours at ambient temperature. The mixture was 
extracted with ethyl acetate. The organic layers were com 
bined, dried, concentrated, and the residue was purified by 
column chromatography using an AnalogiXR Intel 
liflash280TM (SiO, 0-10% solvent A in dichloromethane: 
Sovlent A: 10% 7M ammonia in methyl alcohol) to provide 
the title compound (205 mg, 0.484 mmol, 48.4% yield). "H 
NMR (300 MHz, DMSO-d) 8 ppm 1.39 (s, 9H) 1.67-1.83 
(m, 3H) 1.86-1.94 (m. 1H) 2.59 (s.3H)3.60-3.68 (m. 1H) 
3.72-3.80 (m, 1H)3.89 (s.3H) 4.13-4.22 (m. 1H)4.29-4.44 
(m,2H)6.86 (s, 1H) 7.37 (d. J=7.80 Hz, 1H) 7.53 (dd, J=7.97, 
1.86 Hz, 1H) 8.05 (d, J-2.03 Hz, 1H); MS (DCI/NH) m/z 
424 (M+H). Anal. calcd CHFNO.0.4H2O: C, 61.35: 
H, 6.74; N, 9.76; Found: 61.65; H, 6.89; N, 9.76. 

Example 87 

N-(3E)-4-bromo-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 
Zol-3-ylidene)-2-methyl-5-(trifluoromethyl)benza 

mide 

0565. In a 5 mL vial, a solution of Example 86 (34 mg. 
0.080 mmol), N-bromosuccinimide (14.29 mg, 0.080 mmol) 
and-2,2'-azobisisobutyronitrile (0.659 mg, 4.01 umol) in car 
bon tetrachloride (0.3 mL) was heated at 80°C. for 4 hours. 
The reaction mixture was concentrated and purified by pre 
parative HPLC on a Waters Symmetry C8 column (25 
mmx100mm, 7 um particle size) using a gradient of 10% to 
100% acetonitrile:10 mMammonium acetate over 8 min (10 
min run time) at a flow rate of 40 mL/min to provide the title 
compound (19 mg, 0.038 mmol, 47.1% yield). H NMR (300 
MHz, DMSO-d) 8 ppm 1.55 (s, 9H) 1.61-1.67 (m, 1H) 
1.71-1.87 (n, 3H) 2.58 (s.3H)3.58-3.69 (m. 1H)3.70-3.78 
(m. 1H)3.97 (s.3H) 4.13 (t, J=6.27 Hz, 1H)4.34 (d. J=5.43 
Hz, 2H) 7.37 (d. J=7.80 Hz, 1H) 7.53 (dd, J=7.97, 1.86 Hz, 
1H) 7.93 (d. J=1.70 Hz, 1H); MS (DCI/NH) m/z 502 
(M+H)". 

Example 88 

2-bromo-N-(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 

Zol-3-ylidene)-5-(trifluoromethyl)benzamide 

0566. The title compound was prepared and isolated as 
described in Example 86, substituting 2-bromo-5-trifluorom 
ethyl benzoyl chloride for 2-methyl-5-trifluoromethylben 
zoyl chloride in 62% yield. "H NMR (300 MHz, DMSO-d) 
8 ppm 1.39 (s, 9H) 1.65-1.81 (m, 3H) 1.84-1.92 (m, 1H) 
3.59-3.67 (m, 1H)3.71-3.78 (m, 1H)3.91 (s.3H) 4.13-4.21 
(m. 1H)4.27-4.43 (m, 2H)6.82 (s, 1H) 7.55 (dd, J=8.33, 2.38 
HZ, 1H) 7.78-7.84 (m,2H); MS (DCI/NH) m/z 488 (M+H)". 
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Anal. calcd CHBrFNO: C, 51.65; H, 5.16; N, 8.60; 
Found: C, 51.37; H, 5.30; N, 8.54 

Example 89 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(1E)-3-methoxyprop-1-enyl-5-(trifluoromethyl) 

benzamide 

0567 To a solution of Example 88 (146 mg, 0.299 mmol) 
and (E)-2-(3-methoxyprop-1-enyl)-4,4,5,5-tetramethyl-1,3, 
2-dioxaborolane (148 mg, 0.747 mmol) in dimethoxyethane 
(1 mL) and methanol (0.5 mL) was added palladium tetraki 
striphenyl phosphine (86 mg, 0.075 mmol) and cesium fluo 
ride (159 mg, 1.05 mmol). This mixture was microwaved at 
100° C. for 10 minutes. To the reaction was added ethyl 
acetate and the mixture was filtered through celite and puri 
fied by column chromatography using an AnalogiX(R) Intel 
liflash280TM (SiO, 0-100% solvent A in hexanes, solvent A: 
10% MeOH in ethyl acetate) to afford the title compound (74 
mg, 52%). "H NMR (300 MHz, CDC1) 8 ppm 1.44 (s, 9H) 
1.71-1.85 (m, 3H) 1.98-2.07 (m, 1H)3.37 (s, 3H)3.69-3.82 
(m. 2H)3.88 (s, 3H) 4.11-4.13 (m, 2H) 4.18-4.32 (m, 2H) 
4.48-4.58 (m, 1H)6.22(dt, J=15.96, 6.30Hz, 1H) 7.03 (s, 1H) 
7.46-7.53 (m, 1H) 7.57-765 (m, 2H) 8.20 (s, 1H); MS (DCI/ 
NH) m/z 480 (M+H)". 

Example 90 
N-(3E-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(3-methoxypropyl)-5-(trifluoromethyl)benzamide 

0568. A mixture of Example 89 (245 mg. 0.51 mmol) and 
platinum(IV) oxide (40 mg) in ethyl acetate (1 mL) and 
methanol (0.5 mL) was hydrogenated under a balloon filled 
with hydrogen at ambient temperature for 5 hours. The reac 
tion mixture was filtered through celite, concentrated and the 
residue was purified by column chromatography using an 
Analogix R, Intelliflash280TM (SiO2, 0-100% solvent A in 
hexanes, solvent A: 10% MeOH in ethyl acetate) to afford the 
title compound (178 mg, 72%). H NMR (300 MHz, CDC1) 
8 ppm 1.44 (s, 9H) 1.70-1.89 (m, 3H) 1.91-2.07 (m, 3H) 
3.08-3.22 (m, 2H)3.32 (s.3H)3.40 (t, J=6.61 Hz, 2H)3.68 
3.82 (m, 2H)3.87 (s, 3H) 4.15-4.31 (m, 2H)4.54 (dd, J–14. 
92, 2.71 Hz, 1H) 7.00 (s, 1H) 7.30 (s, 1H) 7.46 (d. J=746 Hz, 
1H) 8.10 (s, 1H); MS (DCI/NH) m/z 482 (M+H)". 

Example 91 
N-(2Z)-5-tert-butyl-3-(4S)-2-oxo-1,3-oxazolidin 
4-yl)methyl-1,3,4-thiadiazol-2(3H)-ylidenel-5- 

chloro-2-methoxybenzamide 

0569. A mixture of Example 4A (195 mg, 0.6 mmol), 
(S)-(2-oxazolidin-4-yl)methyl 4-methylbenzenesulfonate 
(190 mg, 0.7 mmol), potassium carbonate (170 mg, 1.23 
mmol), tetrabutylammonium iodide (10 mg, 0.03 mmol), 
tetrabutylammonium hydrogen sulfate (10 mg, 0.03 mmol) 
and tetraethylammonium iodide (10 mg, 0.04 mmol) in tolu 
ene (25 mL) was refluxed for 12 hours. The mixture was 
washed with water, brine, dried with MgSO and concen 
trated under reduced pressure. The residue was purified by 
silica gel chromatography eluting with CHCl2:EtOAC (4:1) 
to afford 115 mg of the title compound. "H NMR (300 MHz, 
CDC1) 6 ppm 1.42 (s.9H), 3.94 (s.3H), 4.34-4.42 (m, 3H), 
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4.53-4.76 (m, 2H), 6.08 (s, 1H), 6.95 (d. J=8.8 Hz, 1H), 7.39 
(dd, J=8.8, 2.7 Hz, 1H), 7.86 (d. J=2.7 Hz, 1H). MS (DCI/ 
NH) m/z 425 (M+H)". 

Example 92 
2-(2-amino-2-methylpropoxy)-N-(3E)-5-tert-butyl 
1-methyl-2-(2R)-tetrahydrofuran-2-ylmethyl-1,2- 
dihydro-3H-pyrazol-3-ylidene)-5-(trifluoromethyl) 

benzamide 

(0570 Potassium tert-butoxide (1.2 mL, 1M in THF) was 
added to 2-amino-2-methylpropan-1-ol (0.11 g, 1.2 mmol) in 
0.5 mL of THF and stirred for 10 minutes. Example 16B (0.25 
g, 0.59 mmol) in 1.0 mL of THF was added and the mixture 
stirred for 1 hour. EtOAc (15 mL) was added and the organic 
phase washed with saturated NaHCO, water, brine, dried 
with MgSO and the solvent removed. The residue was chro 
matographed to afford the title compound. (Solvent A-hex 
ane:EtOAc:triethylamine 1:3:0.2; solvent B-hexane:EtOAc: 
MeOH:triethylamine 1:3:1:0.2: 100% solvent A to 100% 
solvent B in a gradient over 600 mL then isocratic for 180 
mL). (0.2g, 0.4 mmol. 69% yield). H NMR (500 MHz, 
PYRIDINE-d) 8 ppm 1.15 (s, 9H), 1.32 (s, 6H), 1.54-1.61 
(m. 2H), 1.63-1.70 (m, 1H), 1.76-1.82 (m, 1H), 3.53-3.61 (m, 
1H), 3.69-3.75 (m, 1H), 3.79 (s.3H), 3.94 (s. 2H), 4.23 (qd, 
J=6.7, 3.4 Hz, 1H), 4.37 (dd, J=15.1, 6.6 Hz, 1H), 4.61 (dd. 
J=15.3, 3.1 Hz, 1H), 7.12 (d. J=8.5 Hz, 1H), 7.45 (s, 1H), 7.66 
(dd, J–8.5, 2.4 Hz, 1H), 8.55 (d. J=2.4 Hz, 1H). MS (ESI) m/z 
497.2 (M+H)". 

Example 93 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-(3-methylbut-2-enyl)oxy-5-(trifluoromethyl) 
benzamide 

(0571 Potassium tert-butoxide (1.2 mL, 1M in THF) was 
added to 3-methylbut-2-en-1-ol (0.11g, 1.2 mmol) in 0.5 mL 
of THF and stirred for 10 minutes. Example 16B (0.25 g, 0.59 
mmol) in 1.0 mL of THF was added and the mixture stirred 
for 1 hour. EtOAc (15 mL) was added and the organic phase 
washed with saturated NaHCO, water, brine, dried with 
MgSO and the solvent removed. The residue was chromato 
graphed to afford the title compound. (Solvent A-hexane: 
EtOAc:triethylamine 1:3:0.2; solvent B-hexane:EtOAc: 
MeOH:triethylamine 1:3:1:0.2: solvent A to solvent B over 
600 mL then isocratic for 180 mL). (0.16g, 0.32 mmol. 55% 
yield). "H NMR (300 MHz, DMSO-d) 8 ppm 1.38 (s, 9H), 
1.69-1.74 (m, 8H), 1.74-1.81 (m. 1H), 1.82-1.89 (m. 1H), 
3.58-3.66 (m. 1H), 3.69-3.78 (m. 1H), 3.87 (s.3H), 4.11-4.20 
(m. 1H), 4.31 (dd, J=5.1.2.0 Hz, 2H), 4.61 (d. J=6.4 Hz, 2H), 
5.34-5.40 (m, 1H), 6.80 (s, 1H), 7.13 (d. J=8.5 Hz, 1H), 7.56 
(dd, J=8.8, 2.0 Hz, 1H), 7.67 (d. J=2.4 Hz, 1H). MS (ESI) m/z 
494.2 (M+H)". Analytical calculated for CHFNO: C, 
63.27; H, 6.94: N, 8.51. Found: C, 63.22; H, 7.10; N, 8.47. 

Example 94 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-2-(1-hydroxycyclopentyl)ethoxy-5-(trifluorom 

ethyl)benzamide 
Example 94A 

1-(2-hydroxyethyl)cyclopentanol 
(0572 14-dibromobutane (10g, 46.3 mmol) in THF (100 
mL) was treated with magnesium (2.81 g, 116 mmol) and I 
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(100 mg) as initiator. The mixture was stirred at room tem 
perature for 3 hours. To the mixture was added dropwise 
oxetan-2-one (3.34g, 46.3 mmol) in THF (25 mL). The 
reaction was stirred at room temperature for 12 hours, 
quenched with saturated NHCl, and the mixture was 
extracted with isopropanol/CHCl (1:3) (2x100 mL). The 
organic layers were combined and dried over MgSO, filtered 
and concentrated. The residue was purified by distillation at 
95-100° C. (0.6 torr) to provide the title compound (1.1 g, 
18%) MS (DCI/NH) m/z 148 (M+NH)". 

Example 94B 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-2-(1-hydroxycyclopentyl)ethoxy-5-(trifluorom 

ethyl)benzamide 
0573 The title compound was prepared using the proce 
dure as described in Example 35 substituting Example 94A 
for 2,2-difluoroethanol. "H NMR (400 MHz, CDC1) 8 ppm 
1.42 (s, 9H) 1.50-1.61 (m, 5H) 1.64-1.75 (m, 1H) 1.76-1.90 
(m, 6H) 2.13 (t, J=5.83 Hz, 2H)3.67-3.81 (m, 2H)3.91 (s, 
3H)4. 12-4.21 (m, 1H)4.32 (t, J=5.83 Hz, 2H)4.37 (d. J=6.14 
HZ, 1H)4.65 (dd, J=15.65, 3.07 Hz, 1H)6.97 (s, 1H) 7.01 (d. 
J=8.59 Hz, 1H), 7.56 (dd, J=8.59, 2.76 Hz, 1H) 8.19 (d. 
J=2.46 Hz, 1H); MS (DCI/NH) m/z 538 (M+H)". 

Example 95 
2-(azetidin-3-yloxy)-N-(2Z)-5-tert-butyl-3-(2R)- 
tetrahydrofuran-2-ylmethyl-1,3-oxazol-2(3H)- 

ylidene-5-(trifluoromethyl)benazmide 
Example 95A 

N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3-oxazol-2(3H)-ylidene-2-fluoro-5-(trifluo 

romethyl)benzamide 
0574. The title compound was prepared using the proce 
dure as described in Example 13C substituting 2-fluoro-5- 
(trifluoromethyl)benzoic acid for 2-methoxy-5-(trifluorom 
ethyl)benzoic acid. MS (DCI/NH) m/z. 415 (M+H)". 

Example 95B 
tert-butyl 3-2-(2Z)-5-tert-butyl-3-(2R)-tetrahy 
drofuran-2-ylmethyl-1,3-oxazol-2(3H)-ylidene 

carbamoyl-4-(trifluoromethyl)phenoxylazetidine-1- 
carboxylate 

0575 To a solution of tert-butyl 3-hydroxyazetidine-1- 
carboxylate (167 mg, 0.965 mmol) in THF (2 mL) was added 
sodium tert-butoxide (93 mg, 0.965 mmol). The reaction was 
stirred at room temperature for 20 min. The reaction was 
cooled to 0°C. and a solution of Example 95A (200 mg, 0.483 
mmol) in THF (1 mL) was added. The reaction was stirred at 
0-5°C. for 2 hours. The reaction mixture was diluted with 
H2O and extracted with EtOAc (2x). The organic layer was 
combined and dried over MgSO filtered and concentrated to 
afford the title compound 260 mg (93%). MS (DCI/NH) m/z 
568 (M+H)". 

Example 95C 
2-(azetidin-3-yloxy)-N-(2Z)-5-tert-butyl-3-(2R)- 
tetrahydrofuran-2-ylmethyl-1,3-oxazol-2(3H)- 

ylidene-5-(trifluoromethyl)benzamide 
0576. The product from Example 95B (260 mg, 0.458 
mmol) in CHCl (6 mL) was treated with trifluoroacetic acid 
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(1.5 mL). The mixture was stirred at room temperature for 30 
minutes. The solvent was evaporated and the residue was 
dissolved in saturated NaHCO. The aqueous layer was 
extracted with EtOAc. The organic layer was dried with 
MgSO and concentrated. The residue was purified by col 
umn chromatography (SiO, CHCl to 9:1:0.1 CHCl: 
MeOH:EtN) to give the title compound (54 mg, 13%). "H 
NMR (400 MHz, CDC1) 8 ppm 1.22 (s, 9H) 1.59-1.70 (m, 
1H) 1.85-1.96 (m, 3H) 2.06-2.14 (m, 1H)3.70 (dd, J=14.12, 
7.36 Hz, 1H)3.76-3.84 (m. 1H)3.93-4.03 (m, 2H)4.06 (dd, 
J=14.12, 2.76 Hz, 1H) 4.11-4.22 (m, 3H) 5.05-5.17 (m, 1H) 
6.57 (s, 1H) 6.71 (d. J=8.29 Hz, 1H) 7.55 (d. J=8.29 Hz, 1H) 
8.06 (s, 1H) MS (DCI/NH) m/z 468 (M+H)". 

Example 96 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

3-fluoro-5-(trifluoromethyl)benzamide 

0577. The title compound was prepared according to the 
procedure described in Example 45C and Example 45D. Sub 
stituting 3-fluoro-5-trifluorobenzoyl chloride for 2-methoxy 
5-chlorobenzoyl chloride. "H NMR (300 MHz, DMSO-d) & 
ppm 1.44 (s.9H), 1.65-2.20 (m, 4H), 3.69-3.82 (m, 2H), 3.91 
(s, 3H), 4.24 (dd, J=5.43, 3.05 Hz, 1H), 4.33-4.45 (m, 1H), 
4.54-4.64 (m. 1H), 7.08 (s, 1H), 7.32 (d. J=8.48 Hz, 1H), 8.11 
(d. J=10.17 Hz, 1H), 8.35 (s, 1H); MS (DCI) m/z 428 M+H. 

Example 97 
N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3,4-thiadiazol-2(3H)-ylidene-2-((3S)-1- 
methylpyrrolidin-3-yl)oxy-5-(trifluoromethyl) 

benazmide 

Example 97A 
(S)-2-(1-methylpyrrolidin-3-yloxy)-5-(trifluorom 

ethyl)benzonitrile 

(0578. To a solution of 2-fluoro-5-(trifluoromethyl)ben 
Zonitrile (8.0 g, 42.3 mmol, Aldrich) in tetrahydrofuran (50 
mL) were added sodium hydride (1.9 g, 46.5 mmol. 60% in 
mineral oil) and (S)-1-methylpyrrolidin-3-ol (4.7 mL, 46.5 
mmol, Aldrich). After stirring at room temperature for 3 
hours, the reaction mixture was quenched with Saturated 
NaHCOs (30 mL). The aqueous layer was extracted with 
ethyl acetate (3x30 mL). The combined organic extracts were 
dried over anhydrous NaSO, filtered and concentrated 
under reduced pressure to afford 10.9 g of the title compound. 
MS (ESI) m/z 271 (M+H)". 

Example 97B 
(S)-2-(1-methylpyrrolidin-3-yloxy)-5-(trifluorom 

ethyl)benzoic acid 

(0579. To a solution of Example 97 A (10.9 g, 40.5 mmol) in 
ethanol (50 mL) and water (15 mL) at 40°C. was added 
sodium hydroxide (7.5 mL, 142 mmol. 50% aqueous solu 
tion), followed by hydrogen peroxide (7.0 mL, 122 mmol. 
50% aqueous solution), which was added in 4 portions, each 
portion one hour apart. The reaction was stirred at 40°C. for 
4 more hours. The reaction was monitored by LC/MS. After 
almost all the nitrile was converted to the amide, sodium 
hydroxide (6.4 mL, 122 mmol. 50% aqueous solution) was 
added followed by 10 mL of water. Then the reaction mixture 
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1.73-1.83 (m,3H) 1.89-197 (m, 1H)3.60-3.68 (m, 1H)3.73 
3.81 (m, 1H)3.89 (s.3H) 4.18-4.25 (m. 1H)4.35-4.48 (m, 
2H) 5.50 (s. 2H) 6.83-6.86 (m, 2H) 7.56 (d. J=1.70 Hz, 2H): 
MS (DCI/NH) m/z 425 (M+H)". Anal. calcd 
C.H.F.N.O.0.5 HO: C, 58.19; H 6.51; N, 12.33: Found: 
C, 57.88; H, 6.56: N, 12.63. 

Example 108 

N-(2Z)-5-tert-butyl-3-(2R)-tetrahydrofuran-2-ylm 
ethyl-1,3-oxazol-2(3H)-ylidene-2-2-(dimethy 
lamino)ethoxy-5-(trifluoromethyl)benzamide 

0594. The title compound was prepared as described in 
Example 95B, substituting 2-(dimethylamino)ethanol for 
tert-butyl 3-hydroxyazetidine-1-carboxylate. "H NMR (500 
MHz, CDC1) 8 ppm 1.19 (s.9H) 1.58-1.67 (m. 1H) 1.85-1.96 
(m. 2H) 2.04-2.13 (m, 1H) 2.30 (s, 6H)2.75 (t, J–6.10 Hz, 
2H)3.65 (dd, J=14.04, 7.32 Hz, 1H)3.80 (dd, J=13.73, 6.71 
HZ, 1H)3.87 (dd, J=1526, 7.02 Hz, 1H)4.07 (dd, J=14.34, 
2.75 Hz, 1H)4. 12-4.21 (m, 3H) 6.53 (s, 1H) 6.97 (d. J=8.54 
HZ, 1H) 7.56 (dd, J=8.85, 2.44 Hz, 1H) 7.97 (d. J–2.44 Hz, 
1H); MS (DCI/NH) m/z 484 (M+H)". 

Example 109 

2-(Z)-(tert-butoxyimino)methyl-N-(3E)-5-tert 
butyl-1-methyl-2-(2R)-tetrahydrofuran-2-ylmethyl 
1,2-dihydro-3H-pyrazol-3-ylidene)-5-(trifluorom 

ethyl)benzamide 

Example 109A 

2-formyl-5-(trifluoromethyl)benzoic acid 

0595. To a solution of n-butyl lithium (56.0 ml, 140 mmol) 
in tetrahydrofuran (100 mL) at -78°C. was added a solution 
of 2-bromo-5-(trifluoromethyl)benzoic acid (17.9 g, 66.7 
mmol) in tetrahydrofuran (100 mL) over 0.5 hour, at which 
time the solution turned dark red. After stirring for 1 hour, 
N,N-dimethylformamide (50 mL. 646 mmol) was added 
dropwise and the reaction mixture was allowed to warm to 
room temperature over 6 hours. The mixture was cooled to 0° 
C. and then a solution of 2N sodium hydroxide (120 mL) was 
added. The mixture was extracted with ether (2x50 mL). The 
aqueous layer was separated and concentrated hydrochloric 
acid was added to it until the pH was acidic. The mixture was 
extracted with ethyl acetate (3x80 mL). The organic extracts 
were combined, dried with sodium sulfate, filtered, and con 
centrated. The residue was purified on AnalogiXR Intel 
liflash280 TM (SiO, 7-100% solvent A in hexanes, solvent 
A=3:1:0.1 hexane:ethyl aceate:acetic acid) over 1 hour to 
obtain the title compound (4.5g, 20.6 mmol, 31% yield). "H 
NMR (300 MHz, DMSO-d) & ppm 6.78 (br. 1H) 7.93 (d. 
J=8.48 Hz, 1H) 8.13-8.20 (m, 2H) 8.38 (br. 1H); MS (DCI/ 
NH) m/z 236 (M+NH)". 

Example 109B 

N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-formyl-5-(trifluoromethyl)benzamide 

0596. A solution of Example 109A (0.6 g) and thionyl 
chloride (3.27 g. 27.5 mmol) was warmed to reflux for 2 
hours. The reaction Solution was concentrated and then the 
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residue was azeotroped with toluene to provide 2-formyl-5- 
(trifluoromethyl)benzoyl chloride, which was used without 
further purification. 
0597. The title compound was prepared and isolated as 
described in Example 86, substituting 2-formyl-5-(trifluo 
romethyl)benzoyl chloride for 2-methyl-5-trifluoromethyl 
benzoic chloride. MS (APCI) m/z 438 (M+H)". 

Example 109C 

2-(Z)-(tert-butoxyimino)methyl-N-(3E)-5-tert 
butyl-1-methyl-2-(2R)-tetrahydrofuran-2-ylmethyl 
1,2-dihydro-3H-pyrazol-3-ylidene)-5-(trifluorom 

ethyl)benzamide 

0598. In a 4 mL vial, Example 109C (65 mg, 0.15 mmol) 
was dissolved in ethyl alcohol (2 mL). O-tert-Butylhydroxy 
lamine hydrochloride (37 mg, 0.30 mmol) was added fol 
lowed by HO (0.1 mL). The mixture was stirred at room 
temperature for 2 hours then concentrated. The residue was 
diluted with ethyl acetate, filtered, and concentrated. Purifi 
cation by preparative HPLC on a Waters Symmetry C8 col 
umn (25mmx100mm, 7um particle size) using a gradient of 
10% to 100% acetonitrile:10 mMammonium acetate over 8 
min (10 min run time) at a flow rate of 40 mL/min provided 
the title compound (19 mg, 0.038 mmol, 25% yield). "HNMR 
(300 MHz, CDC1) 8 ppm 1.35 (s.9H) 1.44 (s.9H) 1.67-1.87 
(m, 3H) 2.05-2.17 (m. 1H)3.68-3.80 (m, 2H)3.90 (s, 3H) 
4.15-4.23 (m. 1H)4.29-4.37 (m. 1H)4.48-4.57 (m. 1H) 7.06 
(s, 1H) 7.53 (dd, J=8.31, 1.86 Hz, 1H) 7.98 (d. J=8.14 Hz, 1H) 
8.29 (s, 1H) 9.05 (s, 1H); MS (DCI/NH) m/z 509 (M+H)". 

Example 110 

N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(methoxymethyl)-5-(trifluoromethyl)benzamide 

Example 110A 

6-(trifluoromethyl)isobenzofuran-1 (3H)-one 

0599 Methyl 2-(hydroxymethyl)-5-(trifluoromethyl) 
benzoate (5.00g, 21.4 mmol) in MeCH (50 mL) was added to 
Pd-dppf (Heraeus) (0.312 g, 0.427 mmol) and triethylamine 
(5.95 ml, 42.7 mmol) in a 250 mL stainless steel pressure 
bottle. The mixture was pressurized with carbon monoxide 
(60 psi), and stirred at 95°C. for 6 hours. The mixture was 
filtered through Celite, and the filtrate concentrated. The resi 
due was purified by column chromatography using an 
Analogix R, Intelliflash280TM (SiO, 0-100% ethyl acetate in 
hexanes) to afford the title compound (2.5 g. 63%). MS (DCI/ 
NH) m/z 203 (M+H)". 

Example 110B 

2-(methoxymethyl)-5-(trifluoromethyl)benzoic acid 

0600 Example 110A (1.00 g, 4.95 mmol) in water (10 
mL) was treated with 10% NaOH (36 mL) and dimethyl 
sulfate (4.29 ml, 45.2 mmol). The reaction mixture was 
heated at 100° C. for 16 hours. After cooling to ambient 
temperature, the mixture was extracted with EtO (50 mL), 
then acidified with 2 Naqueous HC1. The white precipitate 
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was collected, washed with water and dried to afford the title 
compound. MS (DCI/NH) m/Z 235 (M+H)". 

Example 110C 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(methoxymethyl)-5-(trifluoromethyl)benazmide 

0601. A mixture of Example 14C (200 mg. 0.73 mmol), 
Example 11 OB (205 mg. 0.88 mmol), triethylamine (612 uL. 
4.38 mmol) and propylphosphonic anhydride (512 uL, 0.88 
mmol) in THF (15 mL) was stirred at room temperature for 12 
hours. The reaction mixture was quenched with Saturated 
aqueous NaHCO, and extracted with EtOAc (2x). The 
organic extracts were dried over MgSO4, filtered, and con 
centrated. The residue was purified by column chromatogra 
phy using an Analogix R, Intelliflash280TM (SiO2, 50% hex 
anes/EtOAc to 100% EtOAc to 9:1:0.1 EtOAc: MeOH:EtN) 
to afford 228 mg (69%) of the title compound. "H NMR (500 
MHz, CDC1)öppm 1.44 (s.9H) 1.70-1.83 (m,2H) 1.84-1.94 
(m. 1H) 2.02-2.12 (m. 1H)3.47 (s, 3H) 3.74 (dd, J=13.73, 
6.10 Hz, 1H)3.80 (dd, J=14.65, 7.02 Hz, 1H) 3.89 (s.3H) 
4.22 (ddd, J=17.09, 7.02, 2.75 Hz, 1H) 429 (dd, J=15.26, 
6.10 Hz, 1H)4.58 (dd, J=14.95, 2.44 Hz, 1H) 5.10 (s. 2H) 
7.01 (s, 1H) 7.60 (d. J=7.93 Hz, 1H) 7.74 (d. J=8.24 Hz, 1H) 
8.35 (s, 1H); MS (DCI/NH) m/z 454 (M+H)". 

Example 111 
tert-butyl 2-({(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 
Zol-3-ylidene}amino)carbonyl)-4-(trifluoromethyl) 

phenylacetate 

0602. A solution of (2-tert-butoxy-2-oxoethyl)Zinc(II) 
bromide (2.13 mL, 1.07 mmol) in ether (3 mL) was added to 
a mixture of Example 88 (260 mg 0.532 mmol), palladium 
acetate (12.0 mg, 0.053 mmol), and dicyclohexyl(2,6'- 
dimethoxybiphenyl-2-yl)phosphine (82 mg, 0.20 mmol). The 
mixture was stirred at 50° C. overnight then quenched with 
saturated aqueous ammonium chloride and extracted with 
ethyl acetate (3x10 mL). The organic extracts were com 
bined, washed with water, dried (MgSO), filtered, and con 
centrated. The residue was purified by column chromatogra 
phy using an Analogix R, Intelliflash280TM (SiO, 15-100% 
solvent A in hexanes, solvent A=10:1:0.5 ethyl acetate: 
methanol:triethylamine) to afford the title compound (0.19 g, 
0.363 mmol, 68.2% yield). "H NMR (300 MHz, CDC1) & 
ppm 1.41 (s.9H) 1.42 (s.9H) 1.72-1.88 (m,3H)2.00-2.10 (m, 
1H)3.62 (q, J=7.27 Hz, 1H)3.68-3.82 (m, 2H)3.87 (s.3H) 
4.19 (d. J=7.93 Hz, 2H)4.23-4.32 (m. 1H)4.53-4.61 (m. 1H) 
7.01 (s, 1H) 7.30 (d. J=8.33 Hz, 1H) 7.51 (dd, J=8.13, 1.39 
HZ, 1H) 8.38 (s, 1H); MS (DCI/NH) m/z 524 (M+H)". 

Example 112 
2-amino-N-(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 

Zol-3-ylidene)-5-(trifluoromethyl)benzamide 
0603 Trifluoroacetic acid (1.8 ml, 23 mmol) was added to 
a solution of Example 120 (0.60 g, 1.1 mmol) in 5 mL of 
dichloromethane. After stirring at room temperature for 3 
hours the volatiles were removed under reduced pressure. The 
residue was diluted with dichloromethane and then concen 
trated under reduced pressure twice. Purification of the resi 
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due by chromatography (solvent A-hexane:EtOAc:triethy 
lamine (1:3:0.2); solvent B-hexane:EtOAc:MeOH: 
triethylamine (1:3: 1:0.2); a gradient from 100% solvent A to 
50% solvent B over 600 mL) afforded the title compound 
(0.32 g, 0.75 mmol. 66% yield). "H NMR (500 MHz, pyri 
dine-ds) 8 ppm 1.19 (s.9H), 1.59-1.68 (m. 2H), 1.69-1.78 (m, 
1H), 1.90-197 (m, 1H), 3.56-3.62 (m. 1H), 3.73-3.79 (m, 
1H), 3.81 (s.3H), 4.30 (qd, J=6.9, 3.1 Hz, 1H), 4.35-4.41 (m, 
1H), 4.61 (dd, J=15.3, 3.1 Hz, 1H), 7.05 (d. J=8.5 Hz, 1H), 
7.44 (s, 1H), 7.53 (dd, J=8.5, 2.4 Hz, 1H), 8.32 (s. 2H), 9.28 
(d. J–2.1 Hz, 1H); MS (DCI/NH) m/z 425.3 (M+H)". 

Example 113 

N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(methylsulfonyl)amino-5-(trifluoromethyl)benza 

mide 

0604 Methanesulfonyl chloride (0.025 mL, 0.28 mmol) 
was added to Example 112 (0.10 g, 0.24 mmol) in 3.0 mL of 
THF followed by triethylamine (0.10 mL, 0.71 mmol). The 
mixture was stirred at ambient temperature for 3 hours then 
diluted with EtOAc, washed with saturated NaHCO, water, 
brine, dried with MgSO, filtered, and the solvent removed 
under reduced pressure. Purification by chromatography 
(SiO, solvent A hexane:EtOAc:triethylamine (1:3:02); sol 
vent B-hexane:EtOAc: MeOH:triethylamine (1:3:1:0.2); a 
gradient from 100% solvent A to 100% solvent B over 500 
mL) afforded the title compound. (0.05 g, 0.10 mmol, 42% 
yield). H NMR (500 MHz, pyridine-ds) 8 ppm 1.23 (s.9H), 
1.62-1.69 (m, 2H), 1.76-1.84 (m, 1H), 2.17 (dq, J=13.0, 6.6 
HZ, 1H), 3.30 (s.3H), 3.56-3.61 (m, 1H), 3.71-3.76 (m, 1H), 
3.99 (s.3H), 4.34-4.40 (m. 1H), 4.65 (dd, J=16.2, 7.6 Hz, 1H), 
4.91 (dd, J=16.0, 2.6 Hz, 1H), 7.39 (s, 1H), 7.75 (dd, J=8.5, 
2.1 Hz, 1H), 8.14 (d. J=8.8 Hz, 1H), 9.15 (d. J=2.1 Hz, 1H), 
16.36 (s, 1H); MS (DCI/NH) m/z 503.3 (M+H)". Anal. cal 
culated for CHF.N.O.S: C, 52.58; H, 5.82: N, 11.15. 
Found: C, 52.74; H, 5.83; N, 11.09. 

Example 114 

N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

5-cyano-2-fluorobenzamide 

0605 Oxalyl chloride (5.1 mL of a 2 M solution in 
CHCl) was added to 5-cyano-2-fluorobenzoic acid (0.56 g. 
3.4 mmol) suspended in 2 mL of CH2Cl2. To this was added 
a catalytic amount of dimethylformamide (10 uD) and the 
mixture was stirred at room temperature for 1 hour then 
concentrated under reduced pressure. The residue was diluted 
with toluene and then the volatiles were removed under 
reduced pressure (2x). The residue was suspended in 5 mL of 
THF and then Example 14C (0.80 g, 3.4 mmol) was added 
followed by triethylamine (2.8 mL, 20 mmol). The mixture 
was stirred at ambient temperature for 3 hours, diluted with 
EtOAc, and washed with saturated NaHCO, water, and 
brine, dried with MgSO, filtered, and concentrated. Purifi 
cation by chromatography (SiO, hexane:EtOAc:triethy 
lamine (1:3:0.2)) afforded the title compound (0.6 g. 1.6 
mmol. 46% yield). "H NMR (300 MHz, DMSO-d) 8 ppm 
1.38 (s.9H), 1.67-1.83 (m,3H), 1.84-1.99 (m, 1H), 3.59-3.67 
(m. 1H), 3.70-3.79 (m, 1H), 3.91 (s.3H), 4.13-4.25 (m. 1H), 
4.32-4.47 (m, 2H), 6.82 (s, 1H), 7.38 (dd, J=10.3,8.7 Hz, 1H), 
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7.87 (ddd, J–8.4, 4.5, 2.2 Hz, 1H), 8.20 (dd, J=6.7, 2.4 Hz, 
1H) MS (DCI/NH) m/z 385.3 (M+H)". 

Example 115 
methyl 3-((3E)-5-tert-butyl-1-methyl-2-2R)-tet 

rahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3- 
ylideneamino)carbonylbenzoate 

0606. A mixture of Example 14C (1.2g, 4.4 mmol), tri 
ethylamine (5.00 mL. 35.8 mmol), 1-propanephosphonic 
acid cyclic anhydride (50% solution in ethyl acetate, 3.91 mL, 
6.57 mmol) and 3-(methoxycarbonyl)benzoic acid (1.18 g. 
6.57 mmol) in tetrahydrofuran (10 mL) was stirred at room 
temperature overnight. To the reaction mixture was added 
ethyl acetate (20 mL) and the mixture was washed with satu 
rated aqueous sodium bicarbonate. The organic extract was 
dried (MgSO), filtered, and concentrated. The residue was 
purified by column chromatography using an AnalogiX(R) 
Intelliflash280TM (SiO, 15-100% solvent A in hexanes, sol 
vent A=10:1:0.5 ethyl acetate:methanol:triethyl amine) to 
afford the title compound (920 mg, 2.30 mmol. 53% yield). 
'HNMR (300 MHz, CDC1) 8 ppm 1.43 (s.9H) 1.76-191 (m, 
3H)2.08-2.11 (m, 1H)3.70-3.84 (m, 2H)3.88 (s.3H)3.92 (s, 
3H)4.25-4.29 (m, 1H)4.37-4.47 (m. 1H)4.56-4.65 (m, 1H) 
7.10 (s, 1H) 7.45 (t, J=7.73 Hz, 1H) 8.06 (d. J=7.53 Hz, 1H) 
8.45 (d. J–7.54 Hz, 1H)8.95 (s, 1H); MS (DCI/NH) m/z 400 
(M+H). Anal. calcd CHNO.0.2 CHOH.0.5H2O: C, 
64.41; H, 7.53: N, 10.06; Found: C, 64.75; H, 7.32: N, 9.72. 

Example 116 
N-(3E)-5-tert-butyl-1-methyl-2-2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

5-chloro-2-fluorobenzamide 

0607 Triethylamine (1.2 mL, 8.8 mmol) was added to a 
mixture of 5-chloro-2-fluorobenzoyl chloride (0.57 g, 2.95 
mmol) and Example 14C (0.7g, 2.95 mmol) in 6 mL of THF. 
The mixture was stirred at room temperature for 3 hours, 
diluted with EtOAc, washed with saturated NaHCO, water, 
brine, dried with MgSO filtered, and concentrated. Purifi 
cation by chromatography (SiO, solvent A-hexane:EtOAc: 
triethylamine (1:3:0.2); solvent B-hexane:EtOAc:MeOH: 
triethylamine (1:3: 1:0.2); a gradient from 100% solvent A to 
20% Solvent B over 300 mL then isocratic for 180 mL) 
afforded the title compound (0.6 g. 1.5 mmol. 52% yield). H 
NMR (300 MHz, DMSO-d) 8 ppm 1.38 (s, 9H), 1.67-182 
(m,3H), 1.84-1.96 (m, 1H), 3.59-3.67 (m, 1H), 3.71-3.79 (m, 
1H), 3.91 (s.3H), 4.14-4.23 (m, 1H), 4.32-4.46 (m, 2H), 6.82 
(s, 1H), 7.14-7.23 (m. 1H), 7.42 (ddd, J=8.5, 3.6, 3.4 Hz, 1H), 
7.78 (dd, J=6.3, 3.2 Hz, 1H). MS (DCI/NH) m/z 394.2 
(M+H)". 

Example 117 
methyl 4-({(3E)-5-tert-butyl-1-methyl-2-(2R)-tet 
rahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3- 
ylideneamino)carbonylbicyclo[2.2.1]heptane-1- 

carboxylate 
Example 117A 

Dimethyl bicyclo[2.2.1]heptane-1,4-dicarboxylate 
0608. The title compound was prepared in three steps from 
commercially available norbornene (Aldrich) as described in 
US 2007/O155738. 

Example 117B 
bicyclo[2.2.1]heptane-1,4-dicarboxylic acid 

0609. A mixture of Example 117A (3.18 g, 15.0 mmol), 
Solid potassium hydroxide (8.4g, 150 mmol), and a mixture 
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of ethanol (75 mL) and water (15 mL) was heated at about 60° 
C. overnight. After cooling, the pH of the mixture was 
adjusted to about 1 by addition of 1N aqueous hydrochloric 
acid. The mixture was extracted with ethyl acetate (4x50 
mL). The combined organic extracts were dried over sodium 
Sulfate, filtered, and concentrated by rotary evaporator to give 
a tanpowder. The crude product was recrystallized from ethyl 
acetate/hexanes to give the title compound as a white solid 
that was used without further purification for the next step. 

Example 117C 
methyl 4-({(3E)-tert-butyl-1-methyl-2-(2R)-tet 

rahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3- 
ylideneamino)carbonylbicyclo[2.2.1]heptane-1- 

carboxylate 

0610 Example 117B (800 mg, 4.34 mmol) and hexanes 
(50 mL) was stirred at room temperature and solid phospho 
rus pentachloride (Aldrich, 1.81 g, 8.69 mmol) was added in 
portions. A condenser with N inlet was attached and the 
mixture was stirred at room temperature overnight. The slurry 
changed to a yellow solution. The solvents/volatiles were 
removed by rotary evaporator to give bicyclo[2.2.1]heptane 
1,4-dicarbonyl dichloride as a yellow oil. 
0611. A slurry of the hydrochloride salt of Example 14C 
(274 mg, 1.00 mmol), anhydrous tetrahydrofuran (10 mL), 
and triethylamine (0.836 mL, 6.00 mmol) was treated with a 
solution of bicyclo[2.2.1]heptane-1,4-dicarbonyl dichloride 
(332 mg, 1.50 mmol) in a few drops of dry tetrahydrofuran. 
The resulting brown mixture was stirred at room temperature 
for 4 hours. Methanol (10 mL) was added, and the mixture 
was stirred at room temperature for an additional 1 hour. 
Water (15 mL) was added, and the mixture was extracted with 
dichoromethane (3x10 mL). The combined organic extracts 
were dried over sodium sulfate, filtered, and concentrated by 
rotary evaporator to give a brown oil. Flash chromatography 
(silica gel, 20-50% ethyl acetate (with 10% methanol added) 
in hexanes) afforded a viscous oil. The oil solidified upon 
standing at room temperature to give 103 mg (25%) of the title 
compound "H NMR (300 MHz, DMSO-d) 8 ppm 1.33 (s, 
9H), 1.47-198 (m, 14H), 3.58-3.64 (m, 4H), 3.68-3.75 (m, 
1H), 3.80 (s.3H), 4.10-4.17 (m, 1H), 4.26-4.28 (m, 2H), 6.67 
(s, 1H). LC-MS (ESI) m/z 418 (M+H)". 

Example 118 
methyl 3-(3E)-5-tert-butyl-1-methyl-2-((2R)-tet 

rahydrofuran-2-ylmethyl)-1,2-dihydro-3H-pyrazol-3- 
ylidenelaminocarbonyl)adamantane-1-carboxylate 

0612. The title compound was prepared as described in 
Example 117C substituting adamantane-1,3-dicarboxylic 
acid (Aldrich) for Example 117B. "H NMR (DMSO-d) & 
1.33 (s.9H), 1.59-1.87(m, 16H), 2.04 (brs, 2H), 3.58 (s.3H), 
3.59-3.65 (m. 1H), 3.69-3.76 (m. 1H), 3.80 (s.3H), 4.11-4.18 
(m. 1H), 4.27-4.29 (m, 2H), 6.65 (s, 1H). MS (ESI+) m/z 458 
(M+H)". 

Example 119 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-3-(hydroxyimino)cyclobutylmethoxy-5-(trif 

luoromethyl)benzamide 
0613. A mixture of Example 17 (0.25 g, 0.49 mmol) and 
hydroxylamine hydrochloride (41 mg, 0.59 mmol) were com 
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bined in pyridine (5 mL) and the mixture was stirred at ambi 
ent temperature for 16 hours. The mixture was quenched with 
saturated aqueous NaHCO (5 mL), diluted with EtOAc (5 
mL), and the layers were separated. The aqueous layer was 
extracted with EtOAc (3x5 mL) and the combined organic 
extracts were dried over anhydrous NaSO filtered, and 
concentrated under reduced pressure. Purification by column 
chromatography (SiO, 50% hexanes/EtOAc then 100% 
EtOAc, then 9:1:0.1 EtOAc:MeOH:EtN) afforded the title 
compound (0.21 g, 0.40 mmol. 82% yield). H NMR (500 
MHz, CDC1) 8 ppm 1.43 (s.9H) 1.69-1.80 (m,2H) 1.81-1.90 
(m. 1H) 1.97-2.06 (m, 1H) 2.79-2.91 (m, 3H) 2.97-3.12 (m, 
2H)3.68-3.80 (m, 2H)3.86 (s, 3H), 4.14 (d. J=6.1 Hz, 2H) 
4.15-4.20 (m, 1H)4.29 (dq, J=15.2, 3.1, 2.8 Hz, 1H)4.49 (dd. 
J=15.1, 1.9 Hz, 1H) 6.96 (d. J=8.5 Hz, 1H) 6.99 (s, 1H) 7.48 
(dd, J=8.6, 2.0 Hz, 1H) 7.93 (s, 1H); MS (DCI/NH) m/z 523 
(M+H); Anal. calculated for CHFNO: Calc: C. 59.76: 
H, 6.37; N, 10.72: Found: C, 59.73; H, 6.41: N, 10.56. 

Example 120 
tert-butyl 2-({(3E)-5-tert-butyl-1-methyl-2-(2R)- 
tetrahydrofuran-2-ylmethyl-1,2-dihydro-3H-pyra 
Zol-3-ylidene}amino)carbonyl)-4-(trifluoromethyl) 

phenylcarbamate 
0614 Example 14C (0.45 g, 1.9 mmol), 2-(tert-butoxycar 
bonylamino)-5-(trifluoromethyl)benzoic acid (0.87 g, 2.8 
mmol), 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethy 
luronium hexafluorophosphate (HATU) (1.4g, 3.8 mmol) 
and diisopropylethylamine (1.3 mL, 7.6 mmol) were mixed in 
4 mL of THF and stirred for 18 hours at room temperature. 
The mixture was diluted with EtOAc, washed with saturated 
NaHCO, water, brine, dried with MgSO filtered, and con 
centrated. Purification by chromatography (Solvent 
A hexane:EtOAc:triethylamine (2:2:0.2), Solvent 
B-hexane:EtOAc:MeOH:triethylamine (2:2:1:0.2). a gradi 
ent from 100% solvent A to 30% solvent B over 500 mL) 
afforded the title compound (0.6 g. 1.1 mmol, 60% yield). "H 
NMR (500 MHz, pyridine-ds) 8 ppm 1.19 (s.9H), 1.57 (s, 
9H), 1.63-1.69 (m, 2H), 1.73-1.80 (m. 1H), 1.92-2.00 (m, 
1H), 3.59-3.65 (m, 1H), 3.73-3.78 (m, 1H), 3.92 (s, 3H), 
4.31-4.37 (m, 1H), 4.53 (dd, J=15.6, 6.4 Hz, 1H), 4.75 (dd. 
J=15.4, 3.2 Hz, 1H), 7.41 (s, 1H), 7.78 (dd, J=8.7, 2.3 Hz, 
1H), 8.99 (d. J=8.8 Hz, 1H), 9.29 (d. J=2.1 Hz, 1H), 13.96 (s, 
1H). MS (DCI/NH) m/z 525.4 (M+H). Analytical calcu 
lated for CHFNO: C, 59.53; H, 6.73: N, 10.68. Found: 
C, 59.58; H, 6.82: N, 10.66. Example 121 

N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 
2-(dimethylamino)sulfonyl)amino-5-(trifluorom 

ethyl)benzamide 

0615 Sodium hydride (60% in mineral oil, 11 mg, 0.28 
mmol) was added to a 0°C. solution of Example 112 (0.10 g, 
0.24 mmol) in 0.5 mL of THF and stirred for 15 minutes. 
Dimethylsulfamoyl chloride (38 uL, 0.35 mmol) was added 
and the mixture stirred for 20 hours at ambient temperature. 
The mixture was concentrated and the residue was purified by 
chromatography (solvent A dichloromethane, Solvent 
B=10% MeOH in dichloromethane; a gradient of 100% sol 
vent A to 50% solvent B over 600 mL) to afford the title 
compound (0.09 g, 0.17 mmol. 72% yield). H NMR (500 
MHz, pyridine-ds) 8 ppm 1.22 (s, 9H), 1.62-1.68 (m. 2H), 
1.75-1.83 (m. 1H), 2.17 (dq, J=12.9, 6.6 Hz, 1H), 2.89 (s, 6H), 
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3.56-3.62 (m. 1H), 3.71-3.77 (m, 1H), 3.98 (s.3H), 4.38 (qd, 
J=7.2, 2.6 Hz, 1H), 4.64 (dd, J=15.9, 7.3 Hz, 1H), 4.89 (dd. 
J=15.9, 2.7 Hz, 1H), 7.43 (s, 1H), 7.77 (dd, J=8.7, 2.3 Hz, 
1H), 8.15 (d. J=8.5 Hz, 1H), 9.18 (d. J=2.1 Hz, 1H), 16.09 (s. 
1H). MS (DCI/NH) m/z 523.3 (M+H)". Analytical calcu 
lated for CHFNOS: C, 51.97; H, 6.07; N, 13.17. 
Found: C, 52.33; H, 6.12: N, 12.91. 

Example 122 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

5-(trifluoromethyl)-2-vinylbenzamide 

0616) To the mixture of Example 88, tetrakis(triph 
enylphosphine)palladium (0.231 g, 0.200 mmol), dibutyl 
vinylboronate (0.863 ml. 4.00 mmol) and cesium fluoride 
(1.82 g, 12.0 mmol) in MeOH (1 mL) and DME (2 mL) was 
added tetrakis(triphenylphosphine)palladium (0.231 g, 0.200 
mmol). The mixture was heated in a sealed tube at 130° C. for 
20 min. After cooling to ambient temperature, the Solvent was 
removed under reduced pressure and the residue was diluted 
with EtOAc and water. The organic layer was washed with 
saturated aqueous NaHCOs and brine and then concentrated. 
Purification by column chromatography (silica gel, 5-30% 
gradient of 9:1 MeOH/EtN in EtOAC) provided the title 
compound 1.5 g (86% yield). "H NMR (300 MHz, DMSO 
d) 8 ppm 1.39 (s.9H) 1.62-1.95 (m, 4H)3.59-3.68 (m, 1H) 
3.70-3.81 (m, J=7.14, 7.14 Hz, 1H)3.90 (s.3H)4. 11-4.22 (m, 
J=6.15, 4.16 Hz, 1H)4.26-4.46 (m. 2H) 5.31 (d. J=12.29 Hz, 
1H) 5.76 (d. J=17.85 Hz, 1H) 6.85 (s, 1H) 7.54-7.68 (m, 2H) 
7.76 (d. J=8.33 Hz, 1H)8.04 (d. J=1.59 Hz, 1H); MS (ESI) 
m/Z 436 (M+H)", 434 (M-H). 

Example 123 
N-(3E)-5-tert-butyl-1-methyl-2-(2R)-tetrahydrofu 
ran-2-ylmethyl-1,2-dihydro-3H-pyrazol-3-ylidene 

2-morpholin-4-yl-5-(trifluoromethyl)benazmide 

0617 To a 20-mL vial were added Example 16B (325 mg, 
0.600 mmol), solid potassium carbonate (Aldrich, 105 mg. 
1.20 mmol), and anhydrous pyridine (6 mL). Morpholine 
(Aldrich, 166 mg, 1.20 mmol) was added. The reaction mix 
ture was heated at 60° C. overnight. After cooling, water (10 
mL) was added and the mixture was extracted with dichlo 
romethane (3x10 mL). The combined organic extracts were 
dried over sodium sulfate, filtered, and concentrated by rotary 
evaporator. Flash chromatography (silica gel, 5-25% metha 
nol in dichloromethane) afforded 210 mg (71%) of the title 
compound. "H NMR (300 MHz, DMSO-d) & 1.38 (s, 9H), 
1.66-1.91 (m, 4H), 3.09-3.12 (m, 4H), 3.59-3.65 (m, 5H), 
3.71-3.78 (s, 1H), 3.87 (s.3H), 4.15-4.22 (m. 1H), 4.32-4.34 
(m. 2H), 6.75 (s, 1H).7.00 (d. J=8.3 Hz, 1H), 7.47 (dd, J=8.3, 
2.0 Hz, 1H), 7.62 (d. J=2.0 Hz, 1H). MS (ESI+) m/z. 495 
(M+H)". 

Example 124 
2-bis(2-ethoxyethyl)amino-N-(3E)-5-tert-butyl-1- 
methyl-2-(2R)-tetrahydrofuran-2-ylmethyl-1,2- 

dihydro-3H-pyrazol-3-ylidene)-5-(trifluoromethyl) 
benzamide 

0618 Commercially available bis(2-ethoxytheyl)amine 
(TCI) and Example 16B were processed as described in 
Example 123 to afford the title compound. "H NMR (300 
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-continued 
8 (c) 
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R", R’, R, and Rare-alkylene-Gwherein G, at each 
occurrence, is independently furanyl, oxazolyl, isox 
azolyl, oxadiazolyl, or a 4-, 5-, 6-, 7-8-, or 9-membered 
monocyclic heterocycle containing Zero or one double 
bond, one or two oxygen, and Zero or one nitrogen as 
ring atoms, wherein two non-adjacent atoms of said 
monocyclic heterocycle is optionally linked by an alk 
enylene bridge of 2, 3, or 4 carbon atoms, or optionally 
linked by an alkylene bridge of 1,2,3, or 4 carbonatoms; 
each Gring is optionally fused with a monocyclic ring 
Selected from the group consisting of benzo, cycloalkyl, 
cycloalkenyl, heterocycle, and heteroaryl; and each G 
is independently unsubstituted or substituted with 1, 2, 
3, 4, 5, or 6 substituents independently selected from the 
group consisting of oxo, alkyl, halogen, —OH, 
—O(alkyl). —O(haloalkyl), and haloalkyl; 

R", at each occurrence, is independently hydrogen or 
alkyl: 

R. R. R. R. R. R'', and R'' are each independently 
hydrogen, alkyl, alkenyl, alkynyl, - NO. —CN, halo 
gen, OR, N(R)(R), C(O)R’, -C(O)C(R), 
haloalkyl —(CRR), OR", —(CRR), N(R) 
(R'), (CRR), C(O)R’,-(CRR), C(O)C(R), 
cycloalkyl, cycloalkenyl, or heterocycle; 

R" and R, are each independently hydrogen, alkyl, alk 
enyl, alkynyl, - NO. —CN, halogen, —OR", N(R) 
(R), C(O)R, C(O)O(R), haloalkyl, -(CRR) 

OR", -(CRR), N(R')(R'), -(CRR), C(O) 
R, –(CRR), C(O)C(R), cycloalkyl, cycloalkenyl, 
or heterocycle: or R and R, together with the carbon 
atoms to which they are attached, form a monocyclic 
cycloalkyl ring which is optionally further substituted 
with 1, 2, 3, or 4 substituents selected from the group 
consisting of halogen, alkyl, haloalkyl, and oxo; 

R", R. R', R', and R', at each occurrence, are each 
independently hydrogen, alkyl, or haloalkyl, 

R. at each occurrence, is independently hydrogen, halo 
gen, alkyl, haloalkyl, or benzyl; 

R. R. and R', at each occurrence, are each independently 
hydrogen, halogen, alkyl, or haloalkyl; 

X' and X’ are independently O, S, or N(R') wherein R' 
is alkyl, alkoxyalkyl, haloalkoxyalkyl, or haloalkyl, 

the cycloalkyl, cycloalkenyl, and heterocycle, as repre 
sented by R. R. R. R. R. R. R. R'', and R'' are 
each independently unsubstituted or substituted with 1, 
2, 3, 4, 5, or 6 substituents independently selected from 
the group consisting of alkyl, alkenyl, alkynyl, - NO, 
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- CN, halogen, oxo, OR, OC(O)R, SR, 
S(O))R. S(O)).R. (O)N(R)(Rs), N(R) 

(RS), N(Rs)C(O)R, N(Rs)S(O).R. N(Rs)C(O) 
N(R)(Rs), N(Rs)S(O)N(R)(Rs), C(O)R, C(O) 
O(R), C(O)N(R)(Rs), haloalkyl, -(CRR) CN, 
(CRR) OR, (CRR). OC(O)R, (CRR) 
SR, "(CRR), S(O)R’ -(CRR), S(O).R. 
(CRR), N(R)(Rs), -(CRR), N(Rs)C(O)R, 
(CRR) N(Rs)S(O)) R?, (CRR) N(Rs)C 

(O)N(R)(R'), -(CRR), N(R')S(O)N(R)(Rs), 
-(CRR), C(O)R’, (CRR) C(O)C(R), and 
-(CR'R'), C(O)N(R)(Rs): 

R and R, at each occurrence, are each independently 
hydrogen, alkyl, alkenyl, alkynyl, alkoxyalkyl, 
cycloalkyl, cycloalkylalkyl, heterocycle, aryl, het 
eroaryl, haloalkoxyalkyl, or haloalkyl; wherein the aryl, 
the heteroaryl, the cycloalkyl, and the heterocycle moi 
eties, by itself or as part of the substituents of RandR, 
are each independently unsubstituted or substituted with 
1, 2, 3, 4, 5 or 6 substituents selected from the group 
consisting of alkyl, halogen, haloalkyl, hydroxy, OXo, 
—N O(H), —N O(alkyl), and alkoxy; 

R. at each occurrence, is independently alkyl or haloalkyl: 
R and R', at each occurrence, are each independently 

hydrogen, halogen, alkyl, or haloalkyl; 
m, p, and q, at each occurrence, are each independently 1, 

2, 3, or 4; and 
n is 2, 3 or 4. 
2. The compound of claim 1 having formula (I), or a phar 

maceutically acceptable salt, Solvates, salt of a Solvate, or 
solvate of a salt thereof, wherein R. R. R. and Rare 
-alkylene-G. 
G, at each occurrence, is independently a 4-, 5-, or 6-mem 

bered monocyclic heterocycle containing Zero or one 
double bond, one or two oxygen, and Zero or one nitro 
gen as ring atoms, and each G is independently unsub 
stituted or substituted with 1, 2, 3, 4, 5, or 6 substituents 
independently selected from the group consisting of 
Oxo, alkyl, halogen, —OH, -O(alkyl). —O(haloalkyl). 
and haloalkyl. 

3. The compound of claim 2 having formula (I), or a phar 
maceutically acceptable salt, Solvates, salt of a Solvate, or 
solvate of a salt thereof, wherein G, at each occurrence, is 
independently oxetanyl, oxazolidinyl, tetrahydrofuranyl, tet 
rahydropyranyl, 1,3-dioxalanyl, or 1,4-dioxanyl, each of 
which is independently unsubstituted or substituted. 

4. The compound of claim 2 having formula (I), or a phar 
maceutically acceptable salt, Solvates, salt of a Solvate, or 
solvate of a salt thereof, wherein R' is G or N(R')(R). 

5. The compound of claim 2 having formula (I), or a phar 
maceutically acceptable salt, Solvates, salt of a Solvate, or 
Solvate of a salt thereof, wherein ring A is formula (a). 

6. The compound of claim 5 having formula (I), or a phar 
maceutically acceptable salt, Solvates, salt of a Solvate, or 
solvate of a salt thereof, wherein X is S. 

7. The compound of claim 6 having formula (I), or a phar 
maceutically acceptable salt, Solvates, salt of a Solvate, or 
solvate of a salt thereof, wherein R' is G', and G' is phenyl or 
naphthyl, each of which is optionally substituted. 

8. The compound of claim 6 having formula (I), or a phar 
maceutically acceptable salt, Solvates, salt of a Solvate, or 
solvate of a salt thereof, wherein R' is N(R')(R). 










